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PEEFACE  TO  THE  SECOND  EDITION. 


The  premature  decease  of  Mr.  J . Gf.  Swindell,  at  the  com- 
mencement of  a promising  career,  has  prevented  the  subse- 
quent editions  of  his  useful  work  from  receiving  the  benefit 
of  his  care,  or  from  recording  the  results  of  his  more  ex- 
tended observations. 

It  was  with  considerable  hesitation  that  I undertook  to 
revise  the  work,  because  at  all  times  it  is  a matter  of  deli- 
cacy to  alter,  or  correct,  the  productions  of  a professional 
brother  : it  was  especially'  so  in  this  instance  from  the  sad 
circumstance  of  Mr.  Swindell’s  death.  Moreover,  on  some 
points  of  detail,  I did  not  entertain  the  same  opinions  as 
Mr.  Swindell ; on  others  the  limits  of  our  knowledge  have 
been  extended  since  his  decease,  by  the  researches  of  scien- 
tific men  both  at  home  and  abroad,  and  by  the  results 
obtained  in  the  numerous  works  executed  in  different  parts 
of  the  country,  so  that  forcedly  this  treatise  is  to  a great 
extent  altered  from  the  one  he  left. 

The  objects  I proposed  to  myself  were  precisely  the  same 
which  Mr.  Swindell  stated  to  have  guided  him  in  writing 
the  original  Treatise ; viz.,  to  condense  in  a general  practical 
manner  many  subjects  connected  with  Well-work.  As  he 
said,  “It  would  have  been  easy  to  enlarge  upon  any  of 
them,  but  to  have  done  so  would  necessarily  have  entailed 
a corresponding  loss  of  matter  in  reference  to  the  others. 
To  avoid  this  on  the  one  hand,  and  a mere  superficial 
uninstructive  glance  on  the  other,  has  been  the  Author’s 
sun.  In  furtherance  of  this  object,  the  remarks  on  executed 
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work  have  been  added.  These  precedents  show,  at  a 
glance,  methods  of  detail  and  arrangement  which,  if  re- 
marked on  generally,  would  occupy  much  greater  space ; 
they  also  form  a nucleus  for  observations  which  could 
only  be  brought  forth  by  a long  process  of  reasoning  in 
any  other  manner.  Again,  they  serve  to  bind  and  connect 
together,  by  their  very  particularity,  considerations  which 
otherwise  might  pass  unheeded,  on  account  of  their  now 
apparent  applicability.”  In  the  second  edition  a modifica- 
tion has  been  made  in  the  descriptions  of  these  works  by 
suppressing  some,  and  introducing  others.  It  might 
have  been  objected  to  those  originally  inserted  that  they 
were  nearly  all  confined  to  the  practice  of  the  neigh- 
bourhood of  London,  and  it  appeared  therefore  advisable 
to  introduce  in  a work  of  such  general  circulation  illustra- 
tions of  the  course  followed  and  the  results  obtained  under 
a greater  variety  of  circumstances. 

I have,  in  this  edition,  endeavoured  to  preserve  as  much 
as  possible  the  text  as  it  was  left  by  Mr.  Swindell,  merely 
altering  what  appeared  to  me  the  faults  of  composition. 
The  spirit  I have  endeavoured  to  retain,  the  letter  only  has 
been  modified.  The  alterations  are,  however,  extensive — 
and  indulgence  is  craved  for  them  on  the  score  of  the  diffi- 
culty which  always  exists  in  a second  party’s  placing  him- 
self in  the  same  position  and  in  viewing  a subject  from  the 
same  point  of  view  as  the  person  who  has  gone  before  him. 

More  copious  information  upon  the  subjects  treated  of  in 
the  following  pages  may  be  found  in  the  communications 
of  the  Abbe  Paramelle,  M.  d’Archiac,  M.  Ilericaut  de 
Thury,  M.  Gamier,  and  M.  Emery,  to  the  different  scien- 
tific publications  in  France ; in  the  more  decidedly  practical 
works  of  M.  Degousee  and  A.  Burat,  from  both  of  which 
we  have  borrowed  largely.  In  the  “ Trait  e des  Irrigations” 
by  Nadault  de  Buff  on,  much  valuable  information  will  be 
found  with  respect  to  shallow  springs.  In  our  own  lan- 
guage we  can  hardly  cite  any  other  work  than  Mr.  J. 
Trestwich’s  “Treatise  on  the  Water-bearing  Strata  of 
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London  but  it  is  a Lost  in  itself,  and  contains  proof  of  a 
skill,  judgment,  and  careful  observation,  which  justify  our 
regarding  it  as  a model  of  practically  applied  science. 
From  the  detached  papers  by  Mr.  Clutterbuck  and  Mr. 
Dickinson,  in  the  Deports  by  Messrs.  Stephenson  and 
Homersham,  much  valuable  information  may  be  obtained  ; 
as  also  occasionally  from  the  Deports  of  the  Superintending 
Inspectors  of  the  Board  of  Health,  although  the  inferences 
drawn  by  the  latter  are  always  to  be  received  with  caution. 

The  reader  who  would  desire  to  study  the  physiological 
influence  of  potable  waters — a branch  of  the  investigation 
which  has  only  of  late  attracted  public  attention  in  our  own 
country — is  referred  to  the  writings  of  Hippocrates,  who 
knew  quite  as  much,  if  not  more,  of  the  subject  than  some 
of  our  modern  authorities.  In  Thenard’s  Chemistry ; in 
the  Dictionnaire  des  Sciences  Medicales ; in  Haller’s 
Elementa  Physiologiie ; in  a “ Traite  des  Eaux  Potables,” 
by  M.  J.  F.  Terme,  of  Lyons  ; in  some  communications  to 
the  Academie  des  Sciences  by  Messrs.  Chossat,  Dupasquier, 
Berthollet,  l’Heritier,  and  Tissot ; and  in  the  communica- 
tions of  Dr.  Angus  Smith  to  the  British  Association,  and  in 
the  Deport  of  the  last  Commission  named  by  Sir  Gr.  Grey 
to  examine  into  the  qualities  of  the  London  waters, — much 
valuable  information  will  be  found  upon  the  subject.  It  is 
worthy  of  remark  that  the  Deport  of  the  last-named  Com- 
mission is  directly  in  opposition  to  the  doctrines  which  the 
Board  of  Health  have  sought  to  inculcate  with  respect  to 
the  qualities  of  water ; and  in  this  it  is  perfectly  in  accord- 
ance with  all  that  has  been  stated  by  physiologists  from 
the  time  of  Hippocrates  to  the  present  day.  All,  or  nearly 
all,  authorities  of  any  value  agree  in  considering  that  waters 
holding  the  bicarbonate  of  lime  in  solution  are  the  most 
wholesome.  It  appears  also  that  the  rule  sought  to  be  laid 
down,  that  “ the  nearer  the  source  the  purer  the  spring,”  is 
very  far  from  being  of  universal  application,  and  that 
great  danger  is  attached  to  the  system  of  storing  water  in 
reservoirs.  Such  discussions  are  perhaps  out  of  place  in 
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works  like  the  present,  but  it  is  important  that  the  public 
should  be  made  aware  that  the  theories  lately  propounded 
aie  far  from  being  received  by  scientific  men. 

. w^ole  question  of  the  physiological  action  of  water 
is  very  ably  treated  in  a “Traite  d’Hygiene  Publique by 
Michel  Levy.  J 

London,  1851.  Ge0'  E'  Buenell- 
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The  alterations  effected  in  this  Edition  are  very  few,  being 
principally  verbal  corrections  in  places  where  the  meaning 
was  obscure.  While  making  these,  every  care  was  taken 
to  avoid  nullifying  any  intentional  expression  of  Messrs. 
Swindell  and  Burnell.  The  matter  has,  however,  been 
rearranged  in  several  places,  and  some  portions  of  the  old 
text  removed.  The  principal  addition  consists  in  a new 
chapter  (No.  VII.),  written  by  Mr.  Burnell,  but  now  ap- 
pealing for  the  first  time.  The  other  additions  made  have, 
with  the  exception  of  a few  extra  lines  in  a few  places, 
been  put  in  an  Appendix,  and  are  thus  markedly  sepa- 
rated from  the  original  text,  so  that  the  responsibility  for 
the  several  parts  is  distinct. 


London,  June  23,  1882. 


L.  J. 


WELLS  AND  WELL-SINKING. 


CHAPTER  I. 

PRELIMINARY  OBSERVATIONS. 

The  practice  of  obtaining  water  from  wells  is  of  great  an- 
tiquity. In  tlie  Hebrew  Scriptures,  tbe  earliest  record  of 
the  human  race,  many  instances  are  cited  of  the  importance 
attached  to  them  in  the  burning  plains  of  Syria,  where, 
from  the  accounts  handed  down  to  us,  they  appear  to  have 
been  mere  excavations  in  the  sides  of  rocks  and  hills  in 
which  springs  of  water  were  plentiful,  the  water  rising  so 
near  the  surface  as  to  be  reached  by  a bucket  attached  to  a 
short  rope.  In  Greece,  this  plan  for  raising  water  was 
common,  and  in  many  cases  the  orifice  of  the  well  was 
finished  by  a cylindrical  curb  of  marble,  which  was  some- 
times beautifully  carved. 

The  method  of  boring  for  water  is  of  an  antiquity  very 
nearly  as  great,  although  the  precise  epoch  of  its  introduc- 
tion is  unknown.  In  Syria  and  Egypt,  it  is  reported  that 
many  fountains  fed  by  waters  obtained  in  this  manner 
exist,  and  that  the  greater  number  of  the  oases  of  the  Libyan 
chain  owe  their  existence  to  similar  works.  M.  Degousee 
mentions  that  he  delivered  to  the  Pacha  of  Egypt  a set  of 
tools  for  the  purpose  of  reopening  some  of  these  wells, 
whose  original  construction  probably  dated  some  4 000 
years  back ; and  when  the  works  were  completed,  it  was 
found  that  the  wells  were  lined  with  brick  or  wood.  The 

B 


2 


RUDIMENTARY  TREATISE  ON 


details  of  the  method  used  in  sinking  these  wells  are  not 
known. 

In  China,  however,  the  system  of  boring  is  ascertained 
to  have  been  long  practised,  and  a French  missionary,  the 
Abbe  Imbert,  has  given  an  account  of  the  methods  there 
adopted,  which  is  (as  M.  Degousee  rather  dryly  remarks) 
more  characterized  by  credulity  than  by  discernment.  It  is 
quoted  in  Degousee’s  “ Guide  du  Sondeur,  ou  Traite  Theo- 
rique  et  Pratique  des  Sondages,”  as  follows:  — 

“ There  exist  in  the  province  of  Ou-Tong-Kiao  many 
thousand  wells,  in  a space  of  ten  leagues  long  by  five 
broad.  Each  well  costs  about  one  thousand  and  some 
hundred  taels  (the  tael  is  worth  65.  od.).  These  wells  are 
from  1 500  to  1 800  feet  deep,  and  of  a diameter  of  from 
5 to  6 inches. 

“To  bore  them,  they  commence  by  placing  in  the  earth 
a wooden  tube  of  3 to  4 inches  diameter,  surmounted  by  a 
stone  edge  pierced  by  an  orifice  of  5 to  6 inches.  Then  a 
trepan,  weighing  three  or  four  hundred  pounds,  is  allowed 
to  play.  A man  mounted  upon  a scaffold  depresses  a lever 
which  raises  the  trepan  2 feet  high,  and  lets  it  fall  by  its 
own  weight ; the  trepan  is  attached  to  the  lever  by  a cord 
of  ratan,  to  which  a strip  of  wood  is  fixed ; a man  seated 
near  the  cord  seizes  this  strip  at  each  elevation  of  the  lever, 
and  gives  it  a half-turn,  so  that  the  trepan  in  falling  may 
take  a different  direction.  The  workmen  are  changed 
every  six  hours,  and  the  work  goes  on  night  and  day. 
They  are  sometimes  three  years  in  boring  these  wells  to 
the  depth  necessary  to  reach  the  springs  they  are  intended 
to  attain.” 

Almost  all  these  wells  give  off  considerable  quantities  of 
inflammable  gas ; there  are  some  which  yield,  in  fact, 
nothing  else,  and  which  are  called  “fire  wells.”  It  appears 
that  the  Chinese  employ  this  gas  as  a combustible ; doubt- 
less it  is  nothing  more  than  carburetted  hydrogen,  such  as 
proceeds  from  coal  mines  in  combustion.  If  M.  Imbert 
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may  be  believed,  sohig  of  tliGSG  wells  are  not  loss  than  3000 
feet  in  depth. 

In  modern  Europe  the  art  of  well-making  was  long  con- 
fined to  the  simple  operation  of  sinking  circular  shafts, 
until  land-springs  were  met  with ; at  least  in  the  greater 
number  of  states.  In  the  province  of  the  Artois,  however,  the 
use  of  the  boring-tool  appears  to  have  been  generally  known 
and  practised  from  very  early  periods.  The  most  ancient 
well  in  France,  whose  date  can  be  authenticated,  is  one  at 
Fillers,  in  the  Artois,  supposed  to  have  been  executed  in 
1126;  and  in  that  province  the  facilities  for  this  descrip- 
tion of  work  are  such  that  a well  is  to  be  met  with  before 
the  door  of  almost  every  peasant.  In  the  north  of  Italy, 
at  the  very  commencement  of  modern  history,  the  arms  of 
the  town  of  Modena  were  two  well-borers’  augers ; and  a 
professor  of  medicine  of  that  town  published  in  1691  a 
Treatise  on  Physics,  in  which  many  interesting  notes  are  to 
be  found  upon  the  nature  of  different  strata  and  water- 
courses, upon  overflowing  fountains,  upon  the  manner  of 
boring  for  these,  and  upon  the  excellence  of  the  water  they 
contain.  Dominique  Cassini,  about  the  middle  of  the 
seventeenth  century,  endeavoured  to  introduce  the  system 
of  boring  more  generally;  and  Belidor,  in  his  work  “La 
Science  de  l’Ingenieur,”  published  in  1729,  mentions  the 
remarkable  results  which  are  often  to  be  observed  in  these 
wells.  He  adds,  evidently  perceiving  instinctively,  so  to 
speak,  the  theoretical  conditions  necessary  to  secure  success 
in  these  operations : — “It  were  to  be  desired  that  many 
similar  wells  to  those  obtained  by  boring  were  formed  in 
all  kinds  of  places  ; but  this  does  not  appear  probable,  be- 
cause certain  circumstances  in  the  disposition  of  the  earth 
are  necessary,  which  are  not  always  to  be  met  with.” 

In  our  own  country,  the  first  notice  we  find  recorded  of 
the  application  of  boring  is  in  the  “ Parentalia,  ” in  which 
Sir  C.  Wren  is  said  to  have  adopted  this  precaution  in  order 
to  ascertain  the  solidity  of  the  foundation  of  St.  Paul’s  in 

b 2 


4 


RUDIMENTARY  TREATISE  ON 


parts  where  the  original  surface  of  the  ground  had  been 
disturbed.  Subsequently,  towards  the  latter  end  of  the 
last  century,  many  wells  were  formed  by  this  means,  espe- 
cially in  the  Wolds  near  Louth,  and  in  the  London  basin 
near  Tottenham ; and  the  real  principles  regulating  the 
flow  of  water  in  these  wells  were  ascertained  to  a sufficient 
extent  at  least  to  allow  of  their  execution  being  attempted 
with  such  probability  of  success  as  to  justify  their  being 
commenced. 

The  execution  of  the  Artesian  well  at  Grenelle,  near 
Paris,  tended  more  than  any  other  circumstance  to  direct 
public  attention  to  this  mode  of  obtaining  water,  not  only 
on  account  of  the  remarkable  success  which  crowned  the 
efforts  of  the  self-educated  engineer,  M.  Mulot,  in  spite  of 
all  the  difficulties  and  opposition  he  encountered  in  the 
long  and  anxious  execution  of  the  works,  but  also  on 
account  of  the  highly  interesting  discussions  and  the  elabo- 
rate investigations  to  which  it  gave  rise.  MM.  Arago  and 
Walferdin  followed  the  progress  of  the  works  in  a spirit  of 
enlightened  philosophical  inquiry  which  has  led  to  the 
solution  of  many  highly  interesting  laws  of  nature  hitherto 
involved  in  mystery ; and  at  the  same  time  their  confident 
predictions  of  the  eventual  success  of  the  operation  served 
to  encourage  M.  Mulot,  when  too  many  others  were  dis- 
posed to  throw  doubt  and  ridicule  on  his  efforts.  The  very 
remarkable  confirmation  of  the  a priori  deductions  of  these 
philosophers  affords  also  a remarkable  illustration  of  the 
correctness  of  the  received  theory  of  the  geological  struc- 
ture of  the  globe.  But,  singularly  enough,  the  lessons 
afforded  by  this  remarkable  work  have  not  been  productive 
of  all  the  scientific  results  we  might  have  expected.  Be- 
cause water  had  been  in  this  instance  obtained  in  a position 
where  there  appeared  no  natural  supply,  it  has  been  too 
frequently  concluded  that  in  all  such  cases  the  same  results 
might  be  obtained,  and  that  quantities  of  water  were  pent 
up  in  the  ground,  which  only  required  to  be  tapped  to 
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allow  of  its  rising’  to  the  surface.  But  there  are  considera- 
tions affecting  the  supply,  and  the  overflow  from  the  water- 
hearing stratum,  which  so  far  modify  the  question  as  to 
render  long  and  patient  investigation  necessary  before  such 
expensive  borings,  as  these  deep  wells  usually  prove  to  be, 
should  be  commenced.  Many  disappointments  have  thus 
been  incurred  in  the  search  for  what  after  all  could  not 
reasonably  have  been  expected ; nor  would  it  be  pos- 
sible to  cite  a more  striking  illustration  than  to  refer  to 
what  has  occurred  at  Southampton.  We  shall  have  occa- 
sion to  allude  more  in  detail  to  this  work  hereafter,  when 
treating  of  the  present  state  of  the  science  of  Artesian  wells. 

The  economy  of  the  application  of  boring,  instead  of 
carrying  down  a shaft  of  considerable  dimensions,  must  be 
evident.  A remarkable  instance  occurred  at  Mr.  Vulliamy’s, 
Norland  House,  where,  after  having  dug  as  for  an  ordi- 
nary well  to  a depth  of  236  feet,  a boring  was  commenced, 
and  a copper  pipe  51  inches  diameter  inserted.  After 
boring  24  feet,  the  spring  was  tapped,  and  the  water  rose 
243  feet  in  one  hour  and  twenty  minutes.  The  sand  also 
blew  into  the  well  90  feet,  thus  choking  to  a great  extent 
the  flow  of  water  : by  clearing  some  of  this  away,  the  water 
overflowed  the  surface  at  the  rate  of  forty-six  gallons  per 
minute.  This  occurred  in  the  year  1794.  It  is  evident 
that,  in  this  example,  had  the  advantage  of  boring  been 
fully  appreciated,  and  the  geological  situation  of  the  place 
been  accurately  determined,  much  needless  expense  in 

I well-sinking  would  have  been  saved. 

In  addition  to  its  use  in  operations  of  well- work,  boring 
is  of  service  in  a variety  of  ways ; for  mining  purposes, 
railway  works,  examination  of  ground,  such  as  in  the  case 
of  a doubtful  situation,  testing  morasses,  and  other  such 
works.  The  reasonableness  of  its  application  is  self-evi- 
dent ; a few  pounds  spent  in  boring  may  save  hundreds 
which  would  be  expended  if  the  operation  were  to  be 
neglected.  The  accounts  that  are  sometimes  given  of  the 
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quantities  of  earth,  swallowed  up  in  filling  a morass,  so  as 
to  form  a railway  embankment,  will  occur  to  all  as  so  much 
waste  of  material  and  labour.  Generally,  after  a sufficient 
quantity  of  earth  has  disappeared  to  make  the  work  assume 
a very  serious  character,  a different  method  of  proceeding 
is  adopted.  Now,  by  boring  in  the  first  instance,  so  as  to 
ascertain  the  exact  nature  of  the  ground  to  be  traversed, 
the  right  method  of  obviating  the  difficulty  might  be  at 
once  ascertained. 

The  application  of  boring  to  pile-driving  has  been 
attended  with  great  success  in  France,  and  with  a consider- 
able diminution  of  the  expense  attending  the  ordinary 
process ; but  it  is  evident  that  it  is  only  economically  ap- 
plicable when  a certain  degree  of  difficulty  exists  in  driving 
by  the  monkey  in  the  usual  manner.  In  the  “Guide  du 
Sondeur,”  &c.,  before  quoted,  is  an  account  of  the  boring 
operations  carried  on  for  fixing  the  posts  of  the  electric 
telegraph  from  Paris  to  Versailles:  476  of  these  were 
fixed  in  their  places  in  the  course  of  a month ; they  averaged 
3fr.  50c.  each  (2 s.  11  d.),  some  being  executed  in  hard  rock. 
As  the  ground  was  undisturbed,  no  necessity  existed  for 
masonry  to  consolidate  the  posts,  which  were  let  in  to  the 
depth  of  from  5 feet  to  6 feet  6 inches.  The  passages  for 
the  tying-down  bolts  of  the  bridge  of  La  Boclie  Bernard 
were  also  formed  by  boring.  Indeed,  the  process  is  applic- 
able either  under  water  or  on  dry  land,  either  in  a vertical, 
horizontal,  or  inclined  direction  ; and  though  its  cheapness 
is  most  apparent  when  the  hole  is  comparatively  small, 
yet  it  is  sometimes  practised  of  a diameter  of  many  feet, 
if  the  situation  should  not  admit  of  excavation.  Such  a 
case  as  the  above  is  frequently  to  be  met  with  in  well- 
work  ; thus  in  sinking  iron  cylinders  through  sand  charged 
with  water,  the  water  must  either  be  pumped  out,  or  the 
sand  bored  through.  The  latter  will  always  be  chosen 
when  the  rush  of  water  is  great,  or  when  the  pumping 
becomes  expensive.  To  enumerate  every  case  in  which 
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boring  can  be  successfully  applied  would  be  useless ; its 
capabilities  for  various  purposes,  whether  for  wells,  for 
draining,  mining,  building,  or  purely  scientific  purposes, 
being  now  ascertained,  every  engineer  can  judge  of  the 
circumstances  which  should  dictate  its  adoption. 

There  is,  however,  an  application  which  is  not  su 
ciently  known  in  England,  notwithstanding  that  an  account 
of  it  has  appeared  in  some  of  our  professional  journals  it 
is  in  the  formation  of  absorbing  wells,  by  means  of  which 
the  waste  waters  of  some  branches  of  industry  may  be 
removed  by  their  being  carried  down  to  an  absorbent  sub- 
stratum, and  some  curious  natural  laws  have  been  divulged 
by  the  experiments  to  which  such  works  have  given  rise. 

Thus,  it  has  been  proved  that  a well  can  absorb  a 
quantity  of  water  equal  to  what  it  yields.  If,  for  instance, 
a boring  yield  100  gallons  per  minute,  and  the  water  cease 
to  ascend  at  3 feet  above  the  ground,  by  merely  lengthening 
the  tube  3 feet  in  addition  above  the  permanent  level  of 
the  water,  100  gallons  may  be  continually  poured  m per 
minute  without  flowing  over  the  orifice  of  the  tube.  If  it 
be  desired  to  make  such  a boring  absorb  say  500  gallons 
per  minute,  a pump  able  to  raise  that  quantity  is  inserted 
in  the  well,  and  notice  is  taken  of  the  depth  to  which  it  can 
lower  the  water -fine.  If  we  suppose  it  to  be  15  feet,  for 
instance,  it  will  be  sufficient  to  place  a column  of  that 
length  above  the  water-line,  and  the  boring  will  absorb  the 
quantity  of  500  gallons.  Should  the  water-line  be  below 
the  surface  of  the  ground,  the  absorption  by  this  description 
of  well  may  be  indefinite. 

Care  must  be  taken  to  prevent  any  solid  matters  in 
suspension  in  the  waters  proposed  to  be  absorbed  from 
being  carried  into  the  boring,  or  they  would  rapidly 
choke  it  up.  Precautions  also  require  to  be  taken  to  prevent 
the  contamination  of  neighbouring  wells. 

It  appears  upon  a retrospective  glance  at  the  history  of 
well-sinking,  that  its  principles  of  execution  are  unchanged, 
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but  that  the  practice  is  by  no  means  so  ; and  that  both  as 
regards  their  mode  of  construction  and  materials,  consider- 
able modifications  have  been  introduced.  As  the  art  is 
now  practised,  wells  may  be  divided  into  two  classes, — the 
common,  and  the  Artesian  wells.  The  former  are  dug, 
and  necessarily  of  considerable  diameter,  through  the  strata 
near  the  surface,  to  the  spring  itself,  and  are  supplied  by 
the  filtrations  of  the  immediate  locality ; the  latter  (named 
after  the  province  of  the  Artois,  where,  as  we  have  seen, 
they  have  been  resorted  to  for  many  ages)  are  not  dug,  but 
bored  through  such  retentive  upper  strata  as  may  overlie 
a permeable  stratum,  the  outcrop  of  which  is  at  a sufficient 
height  to  produce  a hydrostatic  pressure  upon  the  springs 
sufficient  to  make  them  rise  in  the  tube  of  the  bore. 

In  carrying  on  boring  and  well-work,  a great  deal  of 
practical  information  applicable  in  other  operations,  and  in- 
teresting in  reference  to  the  one  going  on,  may  be  embodied 
by  keeping  a correct  journal.  The  one  here  given  is  copied 
from  a Model  Journal  by  M.  Degousee ; and  had  such 
journals  been  always  kept  during  the  execution  of  the  nu- 
merous wells  lately  sunk  in  the  neighbourhood  of  London, 
by  comparing  them,  much  valuable  geological  information, 
and  certain  questions  relative  to  the  rise  of  water  in  wells, 
might  have  been  ascertained  with  greater  accuracy  than 
hitherto.  "When  a well  is  merely  dug,  of  course  the  columns 
relating  to  boring-tools  may  be  omitted,  and  when  boring 
does  take  place,  the  list  must  be  sufficiently  extensive  to 
embrace  all  the  tools  likely  to  be  required.  In  the  accom- 
panying form  the  columns  are  filled  up  nearly  at  random, 
but  sufficiently  in  detail  to  show  how  such  a journal  may 
be  kept.  Boring-rods  have  usually  their  lengths  numbered 
on  them,  so  that,  if  correctly  screwed  together  in  their 
proper  order,  the  depth  of  the  hole  may  be  readily  deter- 
mined at  all  times. 


Journal  of  Boring  at 
a search,  for 


cm 

O 


m 

O 

hH 

H 

$ 

W 

ui 

PQ 

O 


P W 

^ n a 

H o c 

®a9 
600  « 

«f  8i=J 
5 £ % 

M 0*3 
°-2  ^ 
ft0.g 

§ p. 
M<S-0 

Tl  CL) 

PM 


^ § 
o.£ 
*3 

■4J  I 

g be 

Q.S 
S bo 

o i — i 
8 
a 
a 

o 

O 


£-1 

S be 
^ a 

• H 

° o 

.&£ 

bi)^ 

3 be 
be  a 

3 

br) 


.8* 

rd 

«W 

O 


C/2 


b£) 

a 

a x 
p p 


p 

o3 

rC* 

• rH 
r-H 

o 

w 


qjxcg;  jo  aoqjms  oj  n°AL 
Ul  .lOJU^  JO  OOUT3JSICI 


"Ejiujg 

aqj  jo  qo'BO  jo  ssouqoiqj, 


o o 

CO  <M 


CD 

CO 


O 


o 


Aeci  qoea  jo  pna 
aqj  jT3  Snuog;  jo  qjeloQ 


o 

cn 


o co  o o 


CO  ‘O  CO  o 

*“H  r-H  rH  01 


CD 


o 

d 


\£bq;  qo^a  jo  pua 
aqj  paiog;  ssauqoiqjr 


o 

o 


CD  O O O 

CM  CO  d 


O 

O 


C+H 

O 

OT 

>* 


o 

*“3 

«W 

o 

U 

o 

rO 

a 

£ 


qoox  Sin 

-iaAooa,H\ioqo:pr]; 


•jain^jj  Stnjdg 


•ipto 


•jaSny 


qasiqo 


CD  cd  t-—  d 


CO 


CD  CD  CO  r-l 


<M 


CM 


W 

W 

EM 

Pm  h 

© EH 

P gj 

« ^ 
p P 

H 

S 


tD 

O 

^+H 

P 

2 


•rH  , , 

o rO 
m 

5?” 

c3  rt 


CO 

CD 

a 

o 

pH 

CO 


c3 
. O 

, Ti 

3 . 

03 


i -4-5  O 
i d-p 

i ^ -i 


Q 

*— H * pH  • rl  r— < • rH  • rH  , i ~-,  &H 

MOPPPPpg  £30 


t4 

c3 


fH 

c3 


3 

CO 


• -3 

rPl  rCj  MP 

•q.iOAV 

+-> 
O CD 

• • -P>  -4-J  -4-3 

• -NO)  O O 

• • fr-i 

• • d oo 

o 

rO  rH 

r-H  rH  rH  d 

d d 

m 

a 

a 

p 

•IS3'J 

'<D 

O 

o>  . 

p • 

• • • 

• • • 

• CO  • 

• i—4  • 

d 

•pnno.xx)  jo 
sopluracj  ,xo  sj.iog  jo 


<m  co 


lO 


co 


B 3 


9 


10 


RUDIMENTARY  TREATISE  ON 


CHAPTER  II. 

THEORY  OE  SPRINGS. 

There  are  few  brandies  of  Natural  History  which  have 
given  rise  to  so  much  discussion  as  the  theory  of  springs. 
The  explanations  which  have  been  offered  of  the  phenomena 
they  present  have  been  innumerable : some  are  partially 
true,  and  applicable  in  certain  cases ; some  extremely 
absurd.  It  would  be  beyond  the  province  of  this  work 
to  relate  the  steps  by  which  our  knowledge  upon  this 
subject  has  assumed  its  present  form,  and  it  may  therefore 
be  sufficient  to  state  that  it  is  universally  believed  by  the 
cosmogonists  of  the  present  day  that  the  explanation  of  the 
flow  of  water  from  springs,  whether  deep-seated  or  super- 
ficial, is  to  be  found  in  the  fact  that  they  are  the  lines  of 
natural  drainage ; in  other  words,  that  they  are  supplied 
by  the  rain,  hail,  snow,  and  vapour  precipitated  upon  the 
earth’s  surface,  and  part  of  which  is  absorbed  thereby.  A 
vast  circulation  of  water  is  thus  kept  up.  The  rivers  and 
streams,  supplied  by  springs,  in  their  turn  contribute  to 
supply  the  sea,  which,  together  with  the  water  generally, 
supplies  the  atmosphere  by  its  evaporation,  and  thus  com- 
pletes the  circuit.  Though  it  has  never  been  denied  that 
land-springs,  that  is  to  say,  springs  found  near  the  surface 
of  the  ground,  are  supplied  by  rain, — indeed,  the  fact 
speaks  for  itself,  inasmuch  as  in  dry  weather  they  often 
cease  to  flow, — yet,  that  deep  well-springs  are  supplied 
from  the  same  source  has  been  controverted ; for,  say  the 
objectors,  how  is  it  that  an  increase  of  rain  apparently 
makes  no  difference  in  the  quantity  of  water,  and,  in  like 
manner,  drought  appears  not  to  affect  them  ? A satisfactory 
answer  to  this  will  be  found  in  the  examination  of  the  cir- 
cumstances affecting  such  springs  ; it  will  be  seen  that  they 
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are  generally  derived  from  reservoirs  of  porous  matter  in- 
terposed between  impermeable  strata,  which  reservoirs  will 
naturally  overflow  at  the  points  where  the  permeable  strata, 
supposing  them  to  assume  a basin-like  form,  touch  the 
surface  of  the  ground.  The  waters  which  overflow  at  these 
points  form  rivulets  and  streams,  and  the  effect  of  great 
rain  or  drought  will  be  only  to  add  to  or  diminish  the 
quantity  discharged  by  these  natural  channels ; whilst  little 
difference  will  be  found  in  the  height  of  the  water-line  in 
the  main  reservoir  itself.  The  word  little  is  used  advisedly, 
because  it  has  been  shown  by  careful  experiments  that  a 
slight  difference  doe3  generally  exist  according  to  the 
different  seasons  of  the  year. 

A very  important  point  to  be  ascertained  in  the  discussion 
of  this  branch  of  our  inquiry  was,  whether  sufficient  rain 
falls  to  supply  the  rivers  and  springs  supposed  to  be  so 
supplied.  From  the  mean  of  a variety  of  experiments,  it 
has  been  found  that  the  annual  depth  of  rain  which  falls  in 
England  and  Wales  is  about  31  inches,  supposing  the  same 
collected  on  the  surface  of  the  ground,  allowing  none  to 
soak  in,  and  none  to  evaporate.  In  like  manner,  the  depth 
of  dew  has  been  found  to  be  5 inches.  The  whole  may 
therefore  be  assumed  as  36  inches.  Of  this  quantity,  part 
is  disposed  of  in  the  supply  of  rivulets,  springs,  &c.,  and 
part  is  again  raised  directly  into  the  atmosphere  by  evapo- 
ration. Assuming  that  two-thirds  go  in  this  manner,  we 
have  still  12  inches  deep  for  the  supply  of  the  rivers  and 
springs,  a quantity  as  follows The  surface  of  England 
and  Wales  being  49  450  sq.  miles,  we  have  5 280  ft.  x 
5 280  ft.  x 49  450  sq.m.  1 378  586  880  000  square  feet 
of  surface  ; one  foot  in  depth  of  water  will  change  the  above 
to  cubic  feet ; so  much  for  the  supply.  Now  it  has  been 
calculated  by  Dr.  Dalton  that  the  Thames  drains  a tract  of 
country  of  the  area  of  600  square  miles,  or  about  one-eighth 
of  the  area  of  the  whole,  so  that  if  it  bo  possible  to  calculate 
the  water  annually  discharged  into  the  sea  by  the  Thames, 
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a rough  approximation  to  the  total  expenditure  of  water 
can  be  arrived  at.  By  some  philosophers,  who  have  paid 
attention  to  the  subject,  it  has  been  calculated  that  the 
river  Thames  discharges  daily  13  000  000  tons  of  water, 
which,  multiplied  by  35-84,  the  number  of  cubic  feet  in  e 
ton,  = 465  920  000  cubic  feet ; this  again  multiplied  by 
365,  = 170  060  800  000  cubic  feet,  the  quantity  annually 
discharged  into  the  sea  by  the  Thames  alone  : eight  times 
that  quantity,  according  to  the  above  assumption,  oi 
1 360486400000  cubic  feet,  will  therefore  equal  the  total 
annual  expenditure  of  the  rivers  of  England,  an  amount 
not  quite  equal  to  the  supply  by  the  rain  and  dew,  the 
difference  in  favour  of  the  supply  being  1 378  586  880  000 
— 1360  486  400  000  = 18  100  480  000  cubic  feet.  From 
what  has  been  said,  there  can  be  no  doubt  that  in  this 
country  the  rain  and  dews  alone  are  quite  sufficient  to 
account  for  the  flowing  of  all  the  springs ; and  analogy 
would  lead  us  to  suppose  that  in  all  countries  similar  causes 
would  occasion  like  results.  Thus,  on  the  shores  of  the 
Mediterranean,  it  has  been  found  that  the  evaporation  from 
the  sea  is  sufficient  to  yield  about  five  times  the  quantity 
brought  down  by  the  water-courses.  Mariotte,  and  subse- 
quently M.  Dausse,  have  also  ascertained  that  the  annual 
quantity  carried  down  by  the  Seine  is  not  more  than  one- 
third  of  that  supplied  by  the  atmosphere  to  the  district 
which  it  drains  : the  remaining  two-thirds  of  the  rain 
must  then  either  pass  off  by  evaporation,  or  be  absorbed  by 
the  vegetation,  or  serve  to  feed  the  under-ground  springs. 

The  calculation  of  the  yield  of  springs,  when  compared 
with  the  rain-fall  of  the  district,  will,  in  almost  all  cases, 
explain  the  origin  of  the  former.  The  hasty  conclusions  to 
which  unfortunately  so  many  observers  arrive,  that  the 
upper  lands  cannot  yield  the  volume  given  forth  by  the 
springs,  are  only  to  be  accounted  for  by  the  carelessness 
which  so  frequently  marks  this  class  of  observations.  For 
instance,  in  the  singular  documents  lately  issued  by  the 
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Board  of  Health  to  explain  the  scheme  for  bringing  water 
from  the  green-sand  formations  upon  the  south  and  south- 
west of  London,  it  is  broadly  asserted  that  the  streams 
those  formations  give  rise  to  are  greater  than  they  could  be 
if  they  were  only  fed  by  the  rain-fall  of  the  district.  Now, 
the  volumes  carried  down  by  these  streams  were  only  ascer- 
tained by  observations  extending  over  a few  months  of 
one  year,  and  consequently  were  far  from  giving  a true 
average ; and  in  addition  to  this,  if  the  area  of  the  country 
supplying  the  streams  had  been  calculated,  and  the  rain- 
fall taken  into  account,  it  would  have  been  found  that  the 
effective  volume  did  not  exceed  on  the  average  of  the  whole 
year  one-third  of  the  quantity  supplied  by  the  atmosphere. 

A partial  examination  of  the  strata  of  a district  has  led 
some  persons  to  imagine  that  springs  cannot  be  fed  by  rain 
falling  on  the  earth’s  surface,  because  the  latter,  in  the 
point  immediately  above  the  springs,  is  separated  from 
them  by  clayey  or  rocky  strata  impervious  to  water.  This 
objection  is  of  no  weight,  for  it  does  not  follow  that 
because  the  latter  are  supplied  by  absorption  from  the 
earth’s  surface,  therefore  the  rain  must  sink  into  it  verti- 
cally, any  more  than  in  the  case  of  a common  water-tank, 
where  the  water  is  conducted  by  pipes  from  an  exposed 
surface  to  a reservoir.  Now,  if  in  the  simile  we  substitute 
porous  strata  beneath  impervious  ones  for  the  pipes,  and 
suppose  that  the  former  are  exposed  to  the  rain  at  some 
distant  points,  an  explanation  of  the  whole  matter  is  at 
once  suggested.  It  will  be  found  that  the  existence  of 
numerous  springs  may  be  accounted  for  on  this  supposition, 
and  that  it  also  serves  to  explain  the  difference  between 
land-springs  and  those  called  deep-seated. 

When  the  surface  of  a particular  district  consists  of  a 
loose  permeable  material  lying  upon  a retentive  substratum, 
the  waters  soaking  through  from  above  will  descend  until 
they  meet  with  the  obstacle  it  offers  to  their  further  descent. 
As  such  waters  are  not  under  any  hydrostatic  pressure, 
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they  cannot  rise  above  the  ground,  and,  on  the  contrary, 
they  rush  into  any  artificial  depression  in  the  upholding 
bed : such  sources  of  water  are  called  land-springs. 

Deep-seated  springs,  on  the  contrary,  are  those  fulfilling 
more  exactly  the  conditions  we  have  supposed.  Their 
supply  is  derived  from  the  rain-fall  upon  the  surface  of  the 
porous  strata,  situated  at  a high  level,  passing  under  an 
impermeable  stratum,  which  soaks  through  them  until  it 
meets  with  a retentive  substratum ; and  then,  if  it  cannot 
find,  or  make,  an  outlet,  the  water  follows  the  lowest  levels 
of  the  permeable  strata,  according  to  the  laws  which  regu- 
late its  flow  above  ground.  If,  under  these  circumstances, 
an  opening  bo  made  through  the  overlying  impermeable 
stratum,  the  water  will  rise  to  a height  corresponding  with 
the  hydrostatical  pressure  upon  it,  excepting  insomuch  as 
it  may  be  affected  by  the  friction  it  meets  with  in  its  tra- 
ject,  or  by  the  existence  of  any  natural  overflows.  All 
Artesian  wells  are  supplied  by  springs  of  this  kind. 

These,  general  principles  may  be  explained  by  reference 
to  the  Figures  1 to  6.  In  Fig.  1 a porous  stratum  is  repye- 


Fig.  l. 


sented  lying  upon  an  impermeable  stratum,  and  in  this 
case  a little  reflection  must  show  that  the  waters  would 
collect  at  the  lowest  points  of  the  depressions  upon  the  top 
of  the  latter;  and  that  if  wells  were  sunk  into  this,  the 
water  from  the  upper  stratum  would  flow  into  them.  In 
Fig.  2,  if  we  suppose  the  permeable  stratum  upon  the  sides 
of  a hill  to  be  covered  by  an  impermeable  stratum  a a a, 
and  intersected  by  a ravine  or  a water-course,  it  must  be 
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clear  that  the  natural  tendency  of  the  waters  falling  upon 
the  outcrop  of  the  permeable  stratum  would  be  to  descend 
to  the  ravine,  unless  a readier  vent  were  offered  at  a higher 

Fig.  2. 


point.  In  Fig.  3,  a portion  of  the  waters  would  accumulate 
at  c until  they  rose  to  a level  above  the  proj  ecting  spur  in 
the  substratum : as  soon  as  they  passed  this,  they  would 
begin  to  flow  over  towards  d,  and  acting  as  in  a syphon 
would  effectually  drain  the  intermediate  porous  stratum. 
In  Fig.  4 an  illustration  is  given  of  the  phenomena  presented 


Fig.  3. 


by  the  alternations  of  permeable  and  impermeable  strata 
in  which  no  ravine  or  water-course  occurs  to  alter  the  nor- 
mal conditions  of  the  water-line.  Fig.  5 is  an  illustration 
of  the  appearance  often  presented  by  the  chalk  formation 
covered  by  the  drift  gravel ; in  this  case  the  bulk  of  the 
Water  would  lodge  in  the  depression  below  b. 

In  Fig.  6 is  represented  an  ideal  section  of  the  London 
basin,  showing  the  configuration  of  the  strata,  which  serves 
to  account  for  the  supply  of  the  numerous  deap  wells  in  the 
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metropolis.  All  the  water,  falling  upon  the  outcrop  of  the 
plastic  clay  and  sand,  passes  under  the  impermeable  blue 
clay,  and  if  it  be  not  afforded  vent  by  wells  sunk  through 


Fig.  4. 


the  latter,  it  passes  through  the  chalk,  together  with  the 
waters  falling  upon  the  outcrop  of  the  latter,  until  they 


Fig.  5. 


meet  the  retentive  strata  of  the  chalk  marl,  or  until  they 
rise  to  the  surface  by  any  natural  vent. 

The  assumption  that  all  and  every  spring  on  the  globe  is 
derived  from  surface  drainage  alone,  is  perhaps  more  than 
is  justifiable  in  the  present  state  of  science ; indeed  some, 
by  their  brackish  flavour,  at  once  bespeak  their  direct 
oceanic  origin.  It  is  highly  probable  that  some  fresh-water 
springs  do  receive  a supply  from,  and  are  modified  by,  the 
waters  of  the  sea,  derived  thencefrom  by  capillary  action. 
When  the  sea  rests  on  porous  matter,  as  chalk,  no  reason 
can  be  given  why  the  water  should  not  be  absorbed  by  it, 
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and  affect  to  a certain  extent  the  quantity  and  quality  of 
drainage  water  which  may  be  held  in  the  same  chalk 
reservoir ; and  this  more  especially  when  the  water-level  of 
the  springs  is  at  or  even  below  the  level  of  the  sea.  It  is 
natural  to  suppose  this  action  would  be  felt  to  the  greatest 
extent  near  the  sea  itself — a supposition  borne  out  by  facts. 
For  instance,  a well  wall  lately  sunk  at  Newhaven,  in  the 
chalk,  by  the  London,  Brighton,  and  South  Coast  Bailway 


Fig.  7. 
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Company,  yielded  water  which  was  seriously  affected  by 
the  percolation  of  the  sea.  Beference  to  a geological  map 
will  show  that  those  same  chalk  hills,  as  well  as  others 
abutting  on  the  sea,  are  continued  without  interruption  to 
the  main  chalk  range  on  the  western  side  of  the  London 
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basin ; therefore,  in  a modified  degree,  the  percolating 
action  of  the  sea  water  must  be  felt  in  all  parts  of  the  basin 
at  or  near  its  level,  and  which  are  not  cut  off  from  this  ac- 
tion by  any  uplifting  of  the  strata  under  the  chalk,  as  in 
Fig.  1.  Hitherto  no  disturbance  of  the  strata  has  been 
observed  in  this  district  which  should  lead  us  to  suppose 
that  any  elevation  of  the  lower  strata  exists  by  means  of 
which  the  passage  of  the  subterranean  waters  might  be 
interfered  with.  The  lower  portions  of  the  chalk  are 
extremely  dense,  almost  impervious,  but  not  entirely,  so 
that  a possible  though  much  choked  communication  be- 
tween the  sea  and  springs  derived  from  the  rain  being  thus 
established,  we  may  expect  to  find  in  this  water,  in  a 
diluted  state,  such  salts  as  the  sea  abounds  in,  due  allow- 
ance being  made  for  various  decompositions  which  these 
salts  must  necessarily  undergo  during  the  progress  of  their 
filtration. 

A reference  to  Fig.  7,  which  is  copied  from  part  of 
Messrs.  Conybeare  and  Phillips’s  geological  map,  shows 
the  line  of  section  represented  in  Fig.  6,  as  also  the  direct 
communication,  though  not  in  a straight  line,  between  the 
chalk  of  Newhaven  and  the  range  on  the  western  and 
north-western  side  of  the  basin. 

But  although  some  springs  found  near  the  sea-shore  are 
unquestionably  affected  by  infiltration  from  the  latter,  the 
theory  that  those  occurring  inland  are  supplied  by  rain, 
hail,  dew,  snow,  &c.,  which  originally  are  raised  into  the 
atmosphere  by  evaporation,  is  now  allowed  to  be  correct  by 
all  whose  opinions  are  of  any  value.  That  until  compara- 
tively within  a few  years  the  discussion  should  have  been 
unsettled,  is  not  to  be  wondered  at.  Until  Geology  showed, 
by  explaining  the  nature  of  the  crust  of  the  earth,  the 
natural  channel  for  subterranean  currents,  and  accu- 
rate experiments  had  determined  the  immense  extent  of 
natural  though  unseen  and  unfelt  evaporation,  no  decisive 
proof  could  be  given  to  settle  and  determine  the  question. 
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Science  has,  however,  now  so  far  advanced  that  we  can 
recognise  the  cause  and  the  means  whereby  the  alternate 
exhaustion  and  replenishment  of  the  subterranean  reser- 
voirs are  accomplished.  Before  entering  more  deeply  into 
this  subject,  it  will  be  necessary  to  form  some  conception 
of  the  order  and  arrangement  of  geological  strata. 


Strata  of  England  and  Wales  in  reference  to  their  Springs . 

The  most  superficial  observer  must  be  aware  that  the  com- 
ponents of  the  surface  of  the  earth  vary  greatly  in  different 
situations  ; in  some  places  hard,  crystalline,  unstratified 
rocks  make  their  appearance  ; whilst  in  others  soft  strata, 
evidently  bearing  the  character  of  having  been  deposited 
in  layers,  will  be  found.  This  disposition  a little  closer 
examination  will  show  not  to  be  the  result  of  an  accidental 
confusion,  but  to  follow  from  an  order  of  superposition 
which  it  has  been  the  province  of  Geology  to  ascertain. 
The  purport  of  the  present  chapter  is  to  lay  before  the 
reader  the  relation  of  these  various  substances  composing 
the  earth’s  crust,  as  connected  with  the  subject  of  springs; 
and  because  the  surface  of  the  crust  may  be  taken  as  an 
index  of  what  may  be  expected  underneath,  it  is  desirable 
to  give  the  order  in  which  the  various  rocks  and  deposits 
are  found.  The  reason  that  in  all  cases  the  same  distance 
does  not  intervene  between  the  lower  rocks  and  the  earth’s 
surface  is  simply  from  the  fact  of  the  inclined,  and  not 
horizontal,  position  of  the  strata ; and  the  alteration  in  the 
position  of  the  strata  may  easily  be  traced  to  disturbances 
of  a subsequent  date  to  their  deposition.  Although  the 
lower  rocks  outcrop  and  show  themselves  in  many  places 
on  the  earth’s  surface ; and  further,  though  some  usually 
intervening  rocks  may  be,  and  often  are,  missing  between 
some  of  the  upper  and  under  beds  of  the  series,  yet,  except 
under  very  unusual  circumstances,  none  of  the  upper 
ones  will  underlie  the  deposit  or  rock  which  the  order  of 
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superposition  usually  places  them  above.  Descending 
from  what  Geologists  consider  the  latest  formation,  a 
section  of  the  earth’s  crust  may  be  represented  as  follows, 
a great  many  subdivisions  being  of  course  omitted. 

Supra-cretaceous  Formations. — Vegetable  soil,  gravel,  crag 
sand,  London  clay,  septaria,  plastic  clay,  with  beds  of 
sand. 

Cretaceous  Group. — Chalk,  chalk  marl,  upper  green-sand, 
gault  clay,  lower  green-sand,  weald  clay,  iron  sand. 

Oolitic  System,  Upper  Series. — Purbeck  beds,  Portland 
beds,  calcareous  sand,  Kimmeridge  clay. 

Middle  Series.  —Coral  rag,  yellow  sands,  calcareous-sili- 
ceous grits,  Oxford  clay. 

Lower  Oolitic  Series. — Cornbrash  limestone,  and  forest 
marble,  great  oolite,  or  softish  freestone,  layers  of  clay, 
Stonesfield  slate,  fullers’  earth,  clay,  sanely  limestone. 

Lias  Formation — which  consists  of  limestone  beds, 
divided  by  layers  of  clay. 

New  Red  Sandstone  Group — consisting  of  variegated  marls, 
sandstones,  conglomerates,  gypsum,  rock  salt,  bone  red 
or  dark-coloured  limestone,  blue  and  blackish  limestone, 
alternating  with  clay  and  marl,  &c. 

Magnesian  Limestone. 

Carboniferous  Group. — Coal  measures,  sandstones,  clays, 
shales,  ironstone,  millstone  grit,  mountain  limestone. 

Old  Red  Sandstone  Formation. 

Silurian  System,  comprising  argillaceous  limestones, 
sandstones,  quartzose  flints,  flagstones,  schist. 

Cambrian  System,  or  inferior  stratified  rocks  of  clay  slate 
— mica  slate,  with  dark-coloured  limestones,  sandstones,  &c. 

Rlutonic  Rods,  granite,  syenite  greenstone,  hornblende, 
&c. 

Water-bearing  Qualities  of  these  Strata. 

It  is  not  here  intended  to  explain  the  properties  of  the 
various  substances  mentioned  above,  excepting  so  far  as 
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they  are  connected  with  the  consideration  of  springs  in 
them.  The  vegetable  soil  comes  first  under  review ; such 
soil,  if  it  rest  on  gravel  or  sand,  will  always  be  dry ; but  if 
it  rest  on  clay,  or  any  other  retentive  strata,  will,  unless 
well  drained,  be  a complete  swamp  ; on  such  a substratum 
rest  those  soils  where  the  springs  are  within  a few  feet  of 
the  surface ; should,  however,  gravel  or  sand  succeed  the 
surface  soil,  no  water  can  be  expected  in  it  till  a retentive 
seam  of  clay  or  other  impermeable  matter  be  met  with. 
When  sand,  as  at  Hampstead,  rests  on  London  clay,  very 
little  difficulty  is  occasioned  in  getting  a sufficient  water 
supply  from  it;  but  such  land-springs  are,  from  their 
nature,  very  variable. 

Gravel  oftentimes  rests  on  porous  chalk,  in  many  parts 
of  Hertfordshire,  for  instance ; in  such  positions  no  water 
can  be  expected  to  be  met  with  in  wells  in  the  gravel,  but 
they  must  be  sunk  to  the  saturated  point  of  the  chalk. 

In  the  London  clay  formation  there  are  few  springs, 
and  though  by  chance  one  may  be  met  with,  nobody 
would  think  of  sinking  a well  in  the  London  clay  in  full 
anticipation  of  getting  water  till  that  formation  was 
passed  through,  and  the  beds  of  sand  in  the  plastic  clay 
formation  were  entered ; in  these  there  is  a very  copious 
supply. 

The  quantity  of  water  held  in  the  cretaceous  group 
is  enormous  ; the  lower  portion  of  the  chalk  itself,  as  far 
as  the  denseness  of  the  material  will  allow,  is  fully 
saturated ; all  fissures  in  it  are  completely  full,  forming 
literally  subterranean  rivers.  The  strata  directly  under 
the  chalk,  consisting  of  retentive  marl,  will  make  it  appear 
clear  to  all  why  the  lower  portions  of  this  formation  should 
contain  so  much  water.  The  long  lines  of  flint  in  chalk 
have  been  remarked  on  before,  as  favouring  the  percolation 
of  water,  and  so  has  the  fact  that,  in  the  London  chalk 
basin,  those  circumstances  exist  that  are  required  to  insure 
the  success  of  sinking  Artesian  wells.  When  wells  are 
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sunk  in  the  lower  green-sand  formation,  water  may  be 
met  with  where  clay  seams  occur ; the  water  which  supplies 
the  deep-seated  springs  is  held  up  by  the  weald  clay  under 
the  sand.  The  water  supplied  by  the  iron  sand  is  gener- 
ally arrived  at  by  sinking  deep  wells;  but  it  is  often 
impregnated  with  iron. 

In  the  upper  oolite  system  little  water  can  be  expected 
in  the  impermeable  beds  of  Purbeck  and  Portland  stone, 
except  in  fissures  ; under  the  Portland  bed,  however,  is 
porous  matter,  and  the  water  absorbed  by  it  is  retained  by 
the  underlying  clay,  thus  rendering  it  accessible.  In  the 
middle  oolitic  series,  the  Oxford  or  clunch  clay  is  the 
retentive  medium,  and  wells  must  be  sunk  to  the  saturated 
portions  of  the  overlying  porous  matter.  In  the  Oxford 
clay  itself  are  few  springs.  The  lower  oolitic  formation 
has  water  retained  by  clay  seams.  In  the  cornbrash 
limestone  and  forest  marble  the  wells  are  not  very  deep  ; 
under  the  great  oolite,  the  fullers’  earth  clay  retains  the 
water.  The  limestone  itself  is  porous  to  a certain  extent, 
therefore  wells  must  be  sunk  in  it  to  its  line  of  saturation, 
or  its  junction  with  the  clay  underneath. 

The  upper  retentive  beds  of  the  lias  formation  supply 
water  to  the  wells  sunk  in  the  lower  oolite  ; and  water 
may  be  met  with  in  the  upper  portions  of  the  lias  forma- 
tion for  the  same  reason.  "Wells  sunk  in  the  lower  portions 
of  the  lias  formation  have  water  retained  in  them  by  the 
upper  marls  of  the  new  red  sandstone  group. 

The  alternations  of  sandstone  and  clay,  rock  salt,  &c.,  in 
the  new  red  sandstone,  render  water  procurable  in  that 
group.  The  newspaper  accounts  of  a shaft  sunk  in  this 
formation  at  Gorton,  by  the  Manchester  and  Salford 
Water-works  Company,  relate  that  the  well  is  seventy 
yards  deep;  there  are  radiating  galleries  from  the  main 
shaft,  and  the  quantity  of  water  raised  by  the  engine 
equals  2 000  000  of  gallons  per  day. 

In  the  magnesian  limestone,  fissures  and  holes  contain- 
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ing  water  must  be  worked  for.  The  great  quantity  of 
water  in  the  carboniferous  group  is  probably  known  to  all, 
it  being  an  element  which,  were  it  not  for  the  large  pump- 
ing engines  constantly  at  work,  would  greatly  impede  the 
operations  of  the  miner:  the  alternating  porous  and 
retentive  matter  in  this  formation  fully  accounts  for  the 
appearance  of  the  water.  The  mountain  limestone  being 
porous,  water  can  only  be  met  with  when  beds  of  clay 
occur ; the  lower  portions,  however,  of  this  formation  are 
saturated,  because  impervious  layers  separate  it  from  the 
porous  beds  of  the  old  red  sandstone.  In  this  latter  forma- 
tion there  is  no  lack  of  water,  its  components  being  partly 
porous,  with  retentive  intervening  layers. 

Owing  to  the  stratified  character  of  the  Silurian  system, 
water  may  be  met  with  in  it ; and  in  the  lower  Plutonic 
rocks,  where  they  show  themselves  at  the  surface,  the 
only  chance  of  getting  water  is  by  sinking  till  a fissure 
fully  charged  with  water  is  arrived  at.  Such  an  operation 
as  this  was  carried  on  at  Fort  Regent,  alluded  to  at  p.  75; 
the  rock  in  which  that  well  is  sunk  is  compact  syenite, 
intersected  with  vertical  fissures. 

With  reference  to  the  geological  strata  that  occur  in 
other  parts  of  the  world,  the  general  order,  the  series,  and 
the  strata  themselves  generally  correspond  to  those  in 
England  and  Wales,  although  special  or  local  names  may 
be  used  in  their  nomenclature.  Some  exceptional  strata 
occur  that  are  unrepresented  in  England,  and  any  series  or 
stratum  may  be  entirely  absent.  The  following  is  the 
usual  general  classification  : — 

Kainozoic. — Postpliocene,  Pliocene  (2  sub-divisions), 
Miocene,  Eocene  (3  sub-divisions). 

Mesozoic. — Upper  Cretaceous,  Lower  Cretaceous,  Oolitic 
(3  sub-divisions),  Liassic,  Triassic. 

Palccozoic. — Permian,  Carboniferous,  Devonian,  Silurian 
(4  sub-divisions),  Cambrian,  Laurentian. 
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CHAPTER  III. 


SPRINGS  AND  SUBTERRANEAN  WATERS. 


Before  illustrating  more  particularly  the  various  circum- 
stances affecting  the  supply  of  water  to  springs,  some  of 
the  most  remarkable  may  be  mentioned  ; and  among  them, 
the  hot  springs  of  Iceland  claim  attention.  One  of  these, 
called  the  Great  Geyser,  is  thus  described : — The  fountain 
is  situated  in  a circular  mound  of  matter,  deposited  by  the 
water  itself  during  the  lapse  of  ages.  In  the  centre  of  this 
basin  a perpendicular  inlet,  about  10  feet  diameter,  de- 
scends into  the  earth,  and  communicates  with  the  supply. 
The  basin  is  usually  covered,  to  a depth  of  about  4 feet, 
with  clear  hot  water,  which  flows  away  by  two  passages 
situated  in  the  sides  of  the  basin.  At  the  time  of  eruption, 
which  occurs  at  intervals,  the  first  signal  is  a rumbling 
noise  and  low  report;  after  which  a few  jets  of  water  are 
thrown  up  ; the  jets  become  higher,  and  the  noise  becomes 
louder,  till  at  last  a defined  jet,  50  to  100  feet  high,  is 
formed,  and  of  a diameter  equal  to  the  main  inlet : the 


eruptions  seldom  last  longer  than  a few  minutes,  and  they 
occur  at  irregular  intervals,  seldom  exceeding  many  hours. 
The  water  has  the  property  of  incrusting  with  mineral 
matter  objects  over  which  it  flows,  also  covering  the  parts 
round  about  it  with  siliceous  incrustations. 

The  fountains  of  Yaucluse  and  Nimes  are  equally  re- 
maikable  on  account  of  their  volume.  The  former,  directly 
after  leaving  the  ground,  is  known  as  the  river  Sorgue,  and 
is  of  such  immense  volume  as  to  yield  444  tons  of  water 
per  minute  in  the  driest  seasons,  and  1 330  tons  in  very  wet 
weather.  The  latter  is  of  smaller  volume,  but  interesting- 
on  account  of  its  intimate  connection  with  the  rain-fall ; 
thus,  in  dry  weather,  it  hardly  yields  more  than  one  ton 
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and  a half  per  minute ; if,  however,  any  rain  fall  on  the 
north-west  of  the  town,  even  at  a distance  of  four  or  five 
miles,  the  volume  almost  instantly  increases  to  ten  tons. 
The  river  Loiret  is  also  supplied  in  precisely  the  same 
manner  as  the  Sorgue  : it  rises  in  a large  basin  with  con- 
siderable force,  and  flows  away  a river  navigable  for  barges 
of  two  or  three  hundred  tons  burden. 

Spallanzani  mentions  a spring  of  fresh  water  rising  in 
the  sea  in  the  Gulf  of  Spezzia  at  a distance  of  sixty  yards 
from  the  shore.  It  forms  a dome  upon  the  surface  of  the 
sea  about  80  yards  diameter,  with  an  elevation  of  about  16 
inches  in  the  centre,  and  is  composed  of  a number  of  verti- 
cal jets,  which  are  very  perceptible  when  the  sea  is  calm. 
Many  other  such  sources  of  fresh  water  have  been  recorded; 
for  instance,  in  the  Bay  of  Xagna,  off  the  Cape  San  Martino, 
in  the  principality  of  Monaco,  and  in  the  Indian  Ocean, 
about  100  miles  from  the  shore. 

The  account  of  the  two  following  springs  is  copied  into 
Bees’s  Cyclopaedia  from  the  Philosophical  Transactions  : — 

“In  the  diocese  of  Paderborn,  Westphalia,  there  is  a 
spring  which  disappears  twice  in  twenty-four  hours,  and 
always  returns  at  the  end  of  six  hours  with  a great  noise, 
and  with  so  much  force  as  to  turn  three  mills  not  far  from 
its  source.  It  is  called  the  Bolder  Horn,  or  Boisterous 
Spring.”  Again,  “ At  Broseley,  near  Wenlock,  in  Shrop- 
shire, there  is  a famous  boiling  well,  which  was  discovered 
in  June,  1711,  by  an  uncommon  noise  in  the  night,  so 
great  that  it  awakened  several  people,  who,  being  desirous 
to  find  what  it  was  owing  to,  at  length  found  a boggy  place 
under  a little  hill,  not  far  from  the  Severn,  and  perceiving 
a great  shaking  of  the  earth  and  a little  boiling  up  of  the 
water  through  the  grass,  they  took  a spade,  and  digging 
up  some  part  of  the  earth,  the  water  flew  to  a great  height, 
and  was  set  on  fire  by  a candle.  This  water  was  for  some 
time  afterwards  constantly  found  to  take  fire,  and  burn 
like  spirit  of  wine ; and  after  it  was  set  on  fire,  it  would 
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boil  the  water  in  a vessel  sooner  than  any  artificial  fire, 
and  yet  the  spring  itself  was  as  cold  as  any  whatever.  This 
well  was  lost  for  many  years,  and  not  recovered  till  May, 
1746,  when,  by  a rumbling-  noise  under-ground  like  to  that 
the  former  well  made,  it  was  hit  upon  again,  though  in  a 
lower  situation  and  thirty  yards  nearer  the  river  : the  well 
is  four  or  five  feet  deep,  and  six  or  seven  wide  ; within  that 
is  another  less  hole  of  like  depth,  dug  in  the  clay,  at  the 
bottom  of  which  is  placed  a cylindric  earthen  vessel  of  four 
or  five  inches  diameter  at  the  mouth,  having  the  bottom 
taken  off,  and  the  sides  well  fixed  in  the  clay  rammed  close 
about  it.  Within  the  pot  is  a brown  water,  thick  as  puddle, 
continually  forced  up  by  a violent  motion,  beyond  that 
of  boiling  water,  and  a rumbling-  hollow  noise,  rising-  and 
falling  by  fits  five  or  six  inches ; it  may  be  fired  by  a candle 
at  a quarter  of  a yard  distance,  and  it  darts  and  flashes  in 
a violent  manner  about  half  a yard  high ; it  has  been  left 
burning  forty-eight  hours  without  any  sensible  diminution.” 

It  is  needless  to  remark  that  the  above  phenomenon  is 
owing-  merely  to  the  presence  of  a portion  of  gas  brought 
to  the  surface  in  combination  with  the  water. 

Laws  of  Spnngs  and  Subterranean  Waters. 

For  ages  many  absurd  fables  were  believed  with  respect 
to  the  best  methods  of  discovering  springs,  and  even  at 
present  the  divining-rod  has  not  lost  its  partisans. 
There  are  still  few  parts  of  the  world  in  which  the  pro- 
fessional water-finder  may  not  be  met  with.  Such  persons 
exist  m England,  France,  America,  India,  and  in  Oriental 
countries.  Sometimes  they  are  sincere,  and  to  a certain 
extent  capable,  but  more  frequently  they  either  deceive 
both  themselves  and  the  public,  or  are  mere  quacks  impos- 
ing on  credulity.  It  is,  however,  undoubted  that  some 
persons  are  keenly  sensitive  to  change  of  humidity,  and 
hence  possess  special  powers,  apart  from  that  due  to 
knowledge  of  locality.  If,  however,  we  pass  over  such 
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methods,  there  are  some  indications  which  may  lead  to  the 
discovery  of  springs  in  cases  where  nothing  would  appear, 
to  those  unaccustomed  to  observations  of  natural  pheno- 
mena, to  induce  a belief  in  their  existence.  The  following 
are  some  of  the  most  simple. 

In  the  early  part  of  the  year,  if  the  grass  assume  a 
brighter  colour  in  one  particular  part  of  a field  than  in  the 
remainder,  or,  when  the  latter  is  ploughed,  if  a part  be 
darker  than  the  rest,  it  may  be  suspected  that  water  will 
be  found  beneath  it. 

In  summer,  the  gnats  hover  in  a column,  and  remain 
always  at  a certain  height  above  the  ground,  over  the  spots 
where  springs  are  concealed. 

In  all  seasons  of  the  year,  more  dense  vapours  arise  from 
those  portions  of  the  surface  which,  owing  to  the  existence 
of  subterranean  springs,  are  more  damp,  especially  in  the 
morning  or  the  evening.  It  is  for  this  reason  that  the 
well-sinkers  of  Northern  Italy  go  in  the  morning  to  the 
places  near  which  it  is  desired  to  sink  a well ; they  lie 
down  upon  the  ground,  and  look  towards  the  sun,  to 
endeavour  to  discover  the  places  in  the  neighbourhood 
from  which  denser  vapours  may  arise  than  from  the  rest  of 
the  field. 

The  springs  to  which  these  rules  apply  are  such  only  as 
are  near  the  surface ; when  the  source  is  lower,  they  are 
rarely  sufficient,  and  the  only  safe  guide  is  a boring ; but 
to  execute  such  operations  with  any  chance  of  success,  a 
certain  knowledge  of  elementary  Geology  is  absolutely 
necessary. 

Provided  that  the  sources  do  not  descend  to  any  very 
great  depth,  the  principle  that  subterranean  waters  follow 
■precisely  similar  laics  to  those  upon  the  surface  holds  good ; 
but  when  they  are  very  deep-seated,  many  disturbing 
causes,  to  be  noticed  hereafter,  modify  their  action.  If,  in 
a valley  formed  in  a diluvial  or  alluvial  deposit  lying  upon 
a moro  retentive  stratum,  the  two  sides  are  of  the  same 
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height,  the  water  must  be  sought  in  the  middle ; and  if,  on 
the  contrary,  one  side  be  steeper  than  the  other,  the  stream 
would  pass  near  the  steeper  side ; in  both  cases  supposing 
that  the  materials  of  the  upper  stratum  are  equally  perme- 
able throughout,  and  that  the  depression  of  the  lower 
stratum  presents  a tolerably  regular  basin-like  depression. 
Springs  are  not  often  to  be  met  with  at  the  head  of  valleys, 
but  they  are  much  more  frequently  to  be  found  at  the 
intersection  of  the  secondary  valleys  with  the  principal 
one ; and  the  most  favourable  point  for  finding  water  is 
usually  that  which  is  the  furthest  from  the  intersection  of 
these  valleys,  and  in  the  lower  parts  of  the  plain  succeeding 
them,  at  precisely  those  positions  where  there  is  the  least 
water  upon  the  surface. 

When  the  transverse  valleys,  giving  forth  streams  to  a 
river  in  the  bottom  of  a longitudinal  valloy,  are  nearly  at 
right  angles  to  the  direction  of  the  latter,  the  quantity  of 
water  they  yield  is  much  less  than  when  they  form  an 
angle  with  it.  This  law  holds  good  equally  with  subter- 
ranean and  with  surface  waters,  and  it  may  therefore  be 
laid  down  as  a maxim  that  the  most  favourable  point  for 
seeking  a supply  by  a well  would  be  at  the  mouth  of  long 
transverse  valleys  inclined  to  the  principal  one. 

When,  as  we  have  before  supposed,  and  as  in  fact  occurs 
in  the  London  basin,  permeable  strata  are  exposed  over  a 
gieat  surface  of  country,  and  pass  under  more  retentive 
ones,  whilst  at  the  same  time  they  themselves  lie  upon 
others  of  that  nature,  by  the  usual  laws  of  hydrodynamics 
the  water  falling  upon  their  outcrop  will  descend  to  the 
lowest  level  of  the  basin,  nor  will  it  begin  to  overflow  until 
the  whole  of  the  depressed  portion  is  saturated.  A boring 
through  the  upper  stratum  will  then  become  filled  by  the 
water  from  below  to  a point  corresponding  with  the  altitude 
at  which  the  waters  are  maintained  in  the  basin  by  the 
natural  overflows.  These  abstract  principles,  however,  are 
only  applicable  when  the  basin  is  not  disturbed ; and  it  is 
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particularly  to  be  noticed  that  the  existence  of  any  large 
fissure  in  the  external  ridge  of  the  basin,  giving  passage  to 
a water-course,  will  be  found  to  regulate  the  height  of  the 
waters  to  a very  considerable  distance  from  it  on  either 
side.  If,  however,  any  extensive  fault  exist  in  the  bottom 
of  the  basin,  by  means  of  which  the  permeable  stratum 
should  be  placed  in  communication  with  any  other  of  a 
similar  character,  the  waters  will  necessarily  flow  into  the 
latter.  The  success  of  a boring  for  an  Artesian  well  de- 
pends, in  fact,  so  far  as  the  mere  retention  of  the  waters  is 
concerned,  upon  the  perfection  of  the  basin  formed  by  the 
upholding  stratum  ; and,  so  far  as  the  height  of  the  water- 
line is  concerned,  upon  the  level  of  the  streams  flowing 
from  the  water-bearing  stratum. 

The  existence  of  causes  susceptible  of  modifying  to  so 
groat  an  extent  the  success  of  an  operation  of  this  kind  is 
not  sufficiently  known,  either  to  the  public  in  general,  or  to 
those  who  by  their  professional  position  ought  to  be  better 
informed.  Unfortunately,  the  science  of  well-boring  does 
not  exist  in  England,  and  the  execution  of  this  description 
of  work  is  usually  left  to  mere  practical  men.  The  con- 
sequence has  been,  that  several  wells  have  been  commenced, 
have  given  rise  to  great  outlay,  and,  after  disappointing 
the  hopes  of  all  concerned,  have  been  abandoned.  It  is 
true  that  the  knowledge  of  the  geological  disturbances  of 
strata,  often  hidden  entirely,  must  be  always  to  a great 
extent  hypothetical,  but  there  are  indications  sufficiently 
clear  to  lead  any  practised  Geologist  to  say  beforehand 
whether  any  disturbance  or  fault  exist  likely  to  compromise 
the  work  proposed  to  be  executed.  With  the  most  ela- 
borate investigation  and  the  most  extensive  knowledge, 
there  is  always  a degree  of  chance  about  the  first  well  bored 
for  the  purpose  of  reaching  deep  springs  in  any  district. 
It  is  not  therefore  surprising  that  the  majority  of  the 
attempts  hitherto  made  in  our  country  should  have  been 
failures. 
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The  remarkable  success  of  the  Artesian  well  of  Grenelle 
appears  to  have  inspired  a fever  for  undertaking  otkcis  of 
a similar  nature  ; and  it  is  even  now  almost  universally 
considered  that  if  a boring  be  carried  through  the  chalk 
into  the  green-sand,  the  water  will  rise  above  the  ground. 
But  in  the  first  place  it  is  to  be  observed  that  in  the  Paris 
basin  the  supply  for  the  wells  of  Elbceuf  and  of  Grencllo 
is  derived  from  the  lower  green-sand  which  lies  upon  the 
retentive  strata  of  the  Wealden,  and  that  it  enters  the  sand 
at  a point  very  much  above  the  position  of  the  wells,  as 
also  that  the  last  considerable  streams  from  the  green-sand 
are  at  a much  higher  level  than  the  same  position. 
Similar  borings  near  Calais  have  signally  failed ; for  the 
subcretaceous  formations  there  repose  upon  the  carboni- 
ferous strata,  without  the  interposition  of  the  oolites,  the 
lias,  or  any  of  the  intermediate  series.  In  this  case  the 
only  chance  of  success  would  have  been  in  finding  some 
depression  in  the  older  formations  filled  with  water,  but  of 
course  it  could  never  rise  to  any  useful  height. 

The  well  at  Southampton  has  afforded  also  some  very 
important  lessons  with  respect  to  the  disturbances  or 
modifications  likely  to  be  met  with  in  the  prosecution  of 
such  works.  It  was  commenced  at  a point  about  a mile 
and  a half  from  the  sea,  and  140  feet  above  the  level  of 
the  high  tides.  As  too  frequently  happens,  no  survey  of 
the  entering  ground  of  the  green-sand  formations  was 
made  before  commencing  it ; nor  were  the  disturbances  of 
the  chalk  strata,  the  only  ones  exposed  in  a manner  able 
to  furnish  any  valuable  indications,  taken  into  account. 
Now  it  happens  that  the  green-sand  ridge  is  disrupted  in 
several  places  on  the  edge  of  the  basin  supposed  to  hold 
the  waters  from  which  the  well  was  expected  to  be  supplied, 
and  important  rivers  flow  away  from  it  at  those  places,  at 
levels  little  above  the  ground  at  the  well.  Should  a water- 
bearing stratum  exist,  therefore,  the  water  can  rise  very 
little  above  the  ground,  even  supposing  that  all  the  other 
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necessary  conditions  be  fulfilled.  But  the  whole  of  this 
part  of  the  country  has  been  disturbed  in  a very  remark- 
able manner.  A very  strongly  marked  fault  exists  in  the 
chalk  near  Winchester,  and  continues  to  the  sea-shore 
near  Portsmouth.  The  sea  has  formed  two  large  breaches 
in  the  containing  basin  of  the  green-sand  on  the  east  and 
west  of  the  Isle  of  Wight.  At  the  back  of  the  island  the 
marks  of  geological  disturbance  are  even  more  evident 
than  upon  the  north  of  Southampton ; the  strata  are 
contorted,  and  even  tilted  up  in  a vertical  direction.  The 
same  facts  occur  also  more  to  the  south-west,  near  the 
Isle  of  Purbeck,  so  that  there  appears  little  reason  to 
believe  that  the  basin  is  continuous ; and  at  any  rate  the 
sea  is  in  direct  communication  with  the  green-sand  forma- 
tions : if,  therefore,  it  do  not  affect  the  quality  of  the 
water  contained  in  the  green-sand,  it  must  regulate  the 
water-line,  and  cause  it  to  take  a regular  inclination  corre- 
sponding nearly  with  a line  drawn  from  the  last  great 
inland  overflow  to  the  sea  water-level.  But  it  is  found 
that  the  water  obtained  from  the  chalk  itself  in  the  present 
state  of  the  work  is  strongly  affected  by  the  infiltration 
through  the  body  of  the  rock  from  the  sea.  If  this  be  the 
case  with  a substance  comparatively  so  dense  as  the  chalk, 
the  probability  that  the  same  effect  will  take  place  with 
the  more  pervious  materials  of  the  subcretaceous  rocks 
amounts  almost  to  a certainty. 

Again,  in  all  cases  where  wells  have  been  sunk  to  a 
great  distance  from  the  surface,  it  is  known  that  at  a 
certain  point  the  temperature  becomes  constant,  and  that 
beyond  this  it  increases  according  to  a law  susceptible  of 
modification  by  local  circumstances.  Mr.  Paterson  (Edin. 
New  Phil.  Mag.,  1839)  gives  the  mean  rate  of  increase  in 
Scotland  as  being  about  P Fahrenheit  for  about  48  feet 
of  descent.  M.  Walferdin  found  in  Paris  the  increase 
was  at  the  rate  of  1*8  Fahrenheit  for  every  102  feet  10£ 
inches  (or  1 centigrade  for  30m,87).  M.  de  Girardin  found 
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at  Kouen  that  it  was  about  1 - 8 for  67  feet  4 inches  in  one  case 
and  1-8  for  100  feet  descent  in  another;  whilst  the  more 
accurate  experiments  upon  the  Artesian  well  of  Crenelle 
show  that  the  increase  there  is  with  remarkable  regularity 
1-8  Fahrenheit  for  106  feet  descent  below  the  point  of 
constant  temperature,  which  is  about  93  feet  6 inches  from 
the  surface  of  the  ground  at  the  Observatory  of  Paris, 
and  marks  a little  more  than  53°  Fahrenheit.  This  would 
give  an  increase  of  temperature  of  about  1°  Fahrenheit  to 
59  feet  descent.  This  important  law  does  not  appear 
to  have  been  much  attended  to  in  England,  or  certainly,  as 
in  the  case  of  Southampton,  the  notion  of  obtaining  the 
whole  supply  of  the  town  from  a deep-seated  Artesian 
well  would  never  have  been  entertained.  The  boring  has 
been  carried  to  a depth  of  1 320  feet  nearly,  still  in  the 
chalk,  so  that  even  did  a supply  of  soft  water  exist  at  that 
depth,  it  would  have  a temperature  of  nearly  75°  Fahrenheit. 
From  these  combined  reasons,  the  inhabitants  of  South- 
ampton have  been  induced  to  abandon  the  boring  on  their 
Common, — unfortunately  not  before  they  had  spent  a very 
large  sum  of  money  upon  a work  which,  if  a survey  of  the 
district  had  been  made  by  a competent  person,  would 
never  have  been  commenced. 

The  secondary  rocks  frequently  give  off  powerful  springs 
without  any  apparent  indication  of  the  existence  of  the 
interchange  of  strata  we  have  hitherto  considered.  Well- 
know  n instances  of  this  occur  in  the  springs  from  the  chalk 
near  the  head  of  the  New  Biver  at  Chadwoll  and  Amwell, 
at  Ottei bourne,  near  Southampton,  and  at  several  other 
points  in  the  valleys  of  the  groat  chalk  mass  of  the  south- 
west of  England.  It  will,  however,  always  be  found  that 
these  springs  occur  in  valleys  much  below  the  general 
level  of  the  formation,  and  their  overflow  usually  corre- 
sponds with  the  existence  of  some  fissure  above  a harder 
and  more  retentive  bed  than  the  mass  of  the  chalk.  The 

same  remark  holds  good  with  the  oolites  and  the  lias ; but, 
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in  addition  to  the  inequality  of  texture  in  the  bulk  of  the 
formation,  these  particular  ones  are  more  likely  to  throw 
off  springs,  owing  to  the  existence  of  numerous  interca- 
lated beds  of  stiff  clay.  It  rarely  happens,  however,  that 
these  retentive  strata  can  be  traced  with  certainty  over  a 
sufficient  area  to  warrant  the  commencement  of  any 
expensive  works  upon  them. 

The  primary  rocks  are  even  more  unfavourable  than  the 
older  secondary  rocks  for  the  ascertaining  by  any  abstract 
rules  the  existence  of  springs.  There  stratification  is  rarely 
persistent  over  a great  extent  of  country,  and  the  per- 
meable materials,  forming  as  it  were  filters,  so  seldom 
exist,  as  to  make  the  occurrence  of  deep-seated  springs 
very  rare.  Water  may  permeate  these  rocks  in  their 
numerous  fissures,  but  necessarily  it  is  impossible  to 
predicate  what  may  be  their  direction,  or  what  conditions  of 
hydrostatical  pressure  may  exist.  It  may  be  asserted, 
indeed,  that  no  abstract  law  prevails  regulating  the  flow 
of  water  in  these  strata,  and  consequently  that  no  boring 
should  be  attempted  in  them  until  the  last  extremity, 
because  its  success  must  be  a mere  matter  of  chance. 
Further  details  upon  this  subject  have  been  already  given 
in  Chapter  II. 

If  many  Artesian  wells  be  sunk  in  the  same  stratum  and 
be  supplied  by  the  same  deep-seated  springs,  it  becomes 
necessary  to  ascertain  the  rate  of  inclination  of  the  water- 
line before  any  exact  conclusions  can  be  arrived  at  with 
respect  to  the  definite  results  of  a new  boring.  Of  course, 
as  the  outcrop  of  the  water-bearing  stratum  is  only  exposed 
over  a certain  area,  the  quantity  it  can  yield  must  be 
limited ; and  for  the  same  reason,  if  much  water  be  with- 
drawn at  a high  level,  the  lower  wells  must  suffer.  That 
this  is  a real  danger  is  proved  by  the  state  of  the  wells 
near  London,  supplied  by  the  water  filtering  through  the 
plastic  clay.  So  many  have  been  sunk,  that  very  few  of 
those  which  formerly  overflowed  the  surface  now  rise  to 
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within  some  distance  of  it,  and  the  volume  yielded  is  also 
considerably  reduced.  The  wells  in  the  chalk  near  London 
are  also  producing  the  same  result,  and  the  water-line  is 
annually  lowering.  The  Eev.  J.  C.  Clutterbuck,  of 
Watford,  who  has  paid  great  attention  to  this  subject,  has 
found  that  the  water-line  of  the  chalk  near  London  has  a 
general  inclination  of  13  feet  in  a mile  upon  a line  drawn 
from  Watford  to  the  Thames,  until  we  approach  Kilburn, 
where  a depression  takes  place,  owing  to  the  pumping 
around  London,  as  he  supposes.  North  of  Watford,  the 
rate  of  inclination  was  found  to  be  as  much  as  200  feet  in 
fourteen  miles,  but  it  was  affected  by  the  degree  of 
saturation  of  the  lower  strata.  In  the  Hampshire  chalk 
basin,  the  rate  of  inclination  has  been  stated  to  be  13  feet 
in  a mile ; so  that  numerous  local  circumstances  require  to 
be  taken  into  account  before  any  decided  opinion  can  be 
arrived  at  upon  this  point,  and  equally  numerous  obser- 
vations are  requisite  to  furnish  the  elements  of  any  philo- 
sophical reasoning  upon  the  subject:  in  the  last-named 
geological  basin,  however,  it  is  more  easy  to  observe  the 
phenomena  attending  the  inclination  of  the  water-line, 
because  no  pumping  takes  place  at  the  lower  end  to 
interfere  with  its  normal  condition.  We  find  that  from 
the  well  at  East  Oakley  (about  sixteen  miles  from  South- 
ampton) the  water-level,  which  is  there  about  302  feet 
above  the  Ordnance  datum,  lowers  to  about  100  feet  at  the 
well  upon  the  Southampton  Common.  But  the  rate  at 
v hick,  the  water-line  lowers  is  far  from  being  regular;  it 
is  more  rapid  near  the  summit,  more  gradual  as  we 
approach  the  sea,  and  may  be  represented  by  a parabolic 
curve.  There  are  local  irregularities  occasioned  by  the 
outburst  of  considerable  springs,  due  probably  to  some 
dislocation  of  the  strata;  but  the  general  inclination 
prevails  with  tolerable  regularity. 

Stated  generally,  the  laws  regulating  the  height  to  which 
water  will  rise  in  an  Artesian  well  are  as  follows  : it  will 
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rise  to  the  height  of  the  point  of  supply,  with  a diminution 
caused — 1st,  by  the  loss  of  some  portion  of  the  water 
through  fissures ; 2ndly,  by  the  friction  it  meets  with  in 
traversing  the  water-bearing  stratum ; but  it  must  always 
be  borne  in  mind  that  the  existence  of  a large  natural 
overflow  will  lower  the  general  water-line  to  its  own  level. 

The  phenomena  of  intermittent  springs  may  be  explained 
upon  the  principle  that  under-ground  waters  follow  the 
same  law  as  those  flowing  upon  the  surface  : if  a natural 
syphon  be  supposed  to  communicate  with  some  subterranean 
basin,  and  it  discharge  the  water  more  rapidly  than  the 
supply  arrive,  the  reservoir  will  from  time  to  time  be  so 
lowered  that  the  syphon  will  cease  to  act.  Under  these 
circumstances  the  flow  will  be  interrupted  until  the  water 
rises  again  in  the  syphon  to  a height  sufficient  to  cause  a 
recommencement  of  its  action.  This  alternation  of  flow 
will  happen  at  intervals  corresponding  with  the  proportion 
between  the  capacity  of  the  supply  and  of  the  discharging 
syphon.  And  finally  we  may  state  that  no  apparent 
anomalies  exist  which  may  not  be  explained  by  the  geo- 
logical and  hydro  dynamical  considerations  above  detailed. 


CHAPTER  IV. 

PRACTICE  OF  WELL-SINKING. 

The  practice  of  well-sinking  may  be  properly  classed  under 
two  divisions,  digging  or  excavating  being  one,  and 
steining  or  lining  with  brickwork  or  stone  the  other  ; in 
the  case  of  hard  chalk  or  rock,  the  latter  operation  is  dis- 
pensed with,  the  work  being  confined  solely  to  excavating, 
— a lining  of  brickwork  being  quite  unnecessary  for  the 
stability  of  the  work.  Wells  are  usually  of  a circular  form, 
and  those  which  are  merely  picked  in  the  solid  strata  lack 
the  regularity  of  the  nearly  perfect  cylinder  of  brickwork : 
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sucli  wells,  however,  generally  require  steining  to  some 
depth  from  the  surface  of  the  ground,  owing  to  the  loose- 
ness of  the  surface  soil ; this  is  exemplified  in  many  parts 
of  Hertfordshire  and  elsewhere,  where  a gravelly  surface 
soil  overlies  the  chalk.  The  mere  excavation  of  a well  re- 
quires but  little  skill,  though  at  times  it  is  a matter  of  great 
labour,  requiring  in  hard  rock  blasting ; the  plumb-bob 
and  a rod  marked  with  the  diameter  of  the  hole  being 
sufficient  to  insure  accuracy.  Buckets,  a windlass,  and 
ropes  are  required  to  remove  the  products  of  the  excava- 
tion. These  tools  are  sufficiently  known  to  allow  us  to 
dispense  with  any  description  or  illustration  of  them. 
Where  the  well  is  sunk  through  stiff  clay,  as,  for  instance, 
that  in  the  London  basin,  steining  of  half -brick  thick,  or 
four  inches  and  a half,  is  required  for  small  wells,  and  of 
nine-inch  work  for  wells  of  large  diameter.  Great  improve- 
ments have  latterly  been  made  in  the  method  of  executing, 
and  also  in  the  stability  of  this  description  of  brickwork, 
owing  to  the  use  of  Roman  and  other  descriptions  of 
cement  entirely  superseding  wedges  of  slate,  bond  timber, 
and  common  mortar : the  two  latter  are  especially  injurious, 
as  the  timber  will  decay,  and  the  lime  in  the  mortar,  unless 
it  be  a blue  lias  or  other  equally  hydraulic  lime,  will  dis- 
solve out  into  the  water  contained  in  the  well,  rendering 
the  same  very  hard;  besides,  as  will  be  seen  when 
describing  the  manner  of  steining,  the  slow  setting  of  the 
mortar  is  a bar  to  its  general  use.  Loose  wet  sand,  or  loam, 
test  the  skill  of  the  well- diggers : in  such  cases,  however, 
it  may  become  necessary  to  puddle  behind  the  brickwork,*1 
and  care  must  be  taken  that  the  upper  steining  should  not 

The  use  of  puddle  for  any  purpose  of  hydraulic  engineering'  is 
now  nearly  out  of  date ; and  it  would  be  abandoned  altogether,  did 
our  Engineers  or  Architects  insist  upon  the  preparation  of  concrete 
in  a scientific  manner.  Unfortunately  this  is  not  the  case,  and 
the  real  direction  of  this  important  branch  of  construction  is  left 
entirely  to  the  care  of  perhaps  the  most  uneducated  class  of  work- 
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slip  whilst  this  work  is  being  executed.  Again,  in  passing 
through  land-springs,  they  must  be  carefully  walled  out,  by 
executing  the  brickwork  entirely  in  cement — an  operation 
which  can  only  be  accomplished  when  the  quantity  of 
water  entering  from  the  spring  is  limited  : where  the  rush 
is  enormous,  as  in  sinking  through  the  main  sand-springs 
of  the  plastic  clay  formation,  the  water  must  be  dammed 
out,  by  substituting  for  brickwork  cylinders  of  iron,  which 
may  be  either  cast  or  wrought : the  latter  are  the  more 
modern,  and  have  been  applied  in  some  large  wells ; the 
former  are  the  more  convenient  for  handling,  being  bolted 
together  in  segments,  or  in  divisions.  When  the  sinking 
such  cylinders  is  necessary,  digging  will  most  probably  be 
precluded  altogether,  and  boring  alone  will  be  admissible, 
the  cylinders  sinking  as  the  sand  is  bored  out : when  they 
have  been  sunk  to  a sufficient  depth  in  the  solid  clay 
beneath,  digging  and  steining  may  go  on  as  before.  If  it 
be  determined  to  bore,  near  London,  into  the  chalk,  the 
boring  should  commence  before  the  sand-spring  is  entered, 
the  expense  of  large  cylinders  being  thereby  saved,  as  their 
place  would  be  taken  by  the  small  bore  pipe ; and  as  the 
water  from  the  chalk  will  generally  rise  higher  than  the 
level  of  the  sand- spring  itself,  no  advantage  is  gained 
commensurate  with  the  increased  outlay  by  sinking  large 
cylinders.  The  position  of  the  sand-spring  can  be  determined 
by  boring  in  advance  of  the  well  itself,  while  the  latter  is 
being  sunk  through  the  plastic  clay  : by  driving  a bore-hole 
very  small,  and  thus  feeling  the  way,  no  danger  of  a surprise 
may  then  be  anticipated. 

Steining  is  executed  in  a variety  of  ways,  as  regards  its 
manner  of  application,  its  thickness,  and  its  bond.  The 
bricks  usod  should  be  hard,  square,  and  well  burnt ; if  the 
cost  will  allow,  malm  paviours  should  be  used,  and  if  stocks 
are  employed  they  should  be  the  very  best.  As  the  work 
is  for  the  most  part  laid  dry,  unless  the  bricks  run  of  one 
uniform  thickness,  a great  waste  of  time  and  trouble  will 
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unnecessarily  take  place  during  the  steining  : again,  as  the 
bricks  are  laid  so  as  only  to  touch  each  other  at  the  edges, 
a soft  crumbling  brick  would  manifestly  be  useless.  The 
old  method  of  executing  the  steining  was  by  building  on  a 
curb  of  wood  shod  with  iron.  The  earth  being  removed 


Fig.  9. 


from  the  bottom,  the  curb  and  its  superstructure  sunk  down  ; 
the  brickwork  was  then  added  from  the  top,  and  this 
method  of  proceeding  continued  till  the  curb  would  sink 
no  longer,  owing  to  the  swelling  of  the  ground ; a new  curb 
and  new  excavation  smaller  than  the  last  were  then  begun. 

This  method  is  now  seldom  used  except  in  peculiar  cir- 
cumstances, all  pricks  being  added  under  the  executed 
steining,  the  latter  being  kept  from  slipping  by  artificial 
means  when  the  natural  swelling  of  the  ground  is  insuffi- 
cient ; this  circumstance  is  unlikely  to  take  place  when  the 
bricks  are  worked  close  to  the  sides  of  the  excavation,  in 
clayey  soils  especially  ; the  friction  acting  to  prevent 
slipping  is  most  enormous.  The  steining  is  usually  exe- 
cuted partly  in  dry  and  partly  in  cemented  work,  tho 
latter  occurring  as  rings  laid  at  intervals  between  the 
portions  of  the  work  laid  dry : these  are  regulated  by 
the  nature  of  the  ground ; in  London  clay,  the  intervals 
generally  vary  from  five  to  twelve  feet,  though  some- 
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times  tlie 


work  requires  to  be  laid  for  some  distance 
Fig.  10.  entirely  in  cement.  The 

rings  are  usually  three 
courses  thick,  averaging 
about  nine  inches  in 
height ; the  bricks  are  laid 
flat,  as  in  Fig.  8,  the 
courses  alternately  break- 
ing j oint : it  is  often  de- 
sirable to  insert  cement  or 
small  wedges  in  the  open 
spaces  at  the  back  of  the 
touching  edges  of  the 
bricks.  The  thickness  of 
the  steining  itself  depends 
on  the  diameter  of  the  well 
and  the  nature  of  the 
ground  to  be  passed 
through ; some  use  nine- 
inch  work  laid  dry,  and 
radiating  as  in  Fig.  9 ; this 
is  evidently  not  so  strong 
as  four  - and  - a - half  - inch 
work  laid  in  cement,  or 
even  backed  with  the  same 
in  the  manner  described 
above  ; therefore,  if  nine- 
inch  work  be  ever  used,  it 
should  be  laid  in  cement, 
as  being  in  a situation 
where  four-and-a-half -inch 
work  in  cement  will  not 
suffice.  In  commencing  an 
excavation  from  one  ce- 
ment ring  to  another,  the 
hole  is  dug  as  far  as  is  safe 
or  practicable ; the  nature 
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of  the  ground  will  determine  this  ; a line  is  then  plumbed 
(see  Fig-.  10,  which  represents  a section  of  the  steining  of  a 
well)  from  the  brickwork  above,  which  will  give  the  position 
of  the  face  of  the  brickwork  in  the  lower  ring  ; the  cement 
is  usually  gauged  with  half  sand,  as  in  works  above  ground. 
Too  quick  setting  a cement  is  not  desirable,  as  it  partially 
sets  in  being  conveyed  down  the  well  to  the  workmen ; 
Eoman,  blue  lias,  Portland,  or  any  approved  water  cement, 
may  be  used  for  the  purpose.  In  many  cases,  even  where 
the  work  does  not  absolutely  require  it,  the  steining  is  done 
entirely  in  cement,  a practice  which  makes  excellent  work, 
but  which  is  attended  with  a further  disadvantage  than  the 
extra  cost  of  execution,  because  it  occasions  much  trouble 
and  loss  of  time  in  fixing  the  permanent  pumps,  and  tem- 
porary ones  also,  if  any  are  used. 

In  sandy  soils,  should  the  well  not  be  deep,  the  old  plan 
of  working  on  a curb  may  be  adopted,  but  in  deep  wells 
that  is  inadmissible ; here  the  steining  should  be  set 
entirely  in  cement,  and,  to  prevent  slipping,  the  work 
should  be  laid  in  quarters,  care  being  taken  to  well  hang 
up  the  steining  on  the  completion  of  the  work  by  the 
insertion  of  an  iron  curb,  secured  in  its  place  by  tie-rods, 
u hich  are  carried  up  the  shaft  and  bolted  to  cross  timbers 
or  another  curb  fixed  into  the  brickwork.  In  some  wells 
that  have  been  executed  in  sandy  soil,  cast-iron  curbs  have 
been  inserted  at  intervals,  each  curb  slung  to  the  one 
above  it  by  tie-rods;  the  gravel  or  sand  can  then  be 
excavated  under  the  curb  as  the  clay  can  under  the  brick- 
work rings  set  in  cement ; the  curbs,  in  fact,  bearing  the 
same  relation  to  the  cemented  brickwork,  in  the  case  of 
sandy  soils,  as  the  cemented  rings  do  to  the  dry  brickwork 
m.  clayey  ground.  The  method  of  bond  or  laying  the 
bricks  remains  to  bo  considered  : Fig.  8 shows  this.  The 
bricks,  though  they  do  not  touch  exactly  at  the  edges  for 
practically  that  is  impossible,  yet  are  set  in  but  a mere 
trifle,  and  the  harder  the  description  of  brick  the  more 


42 


RUDIMENTARY  TREATISE  ON 


nearly  may  the  edges  abut ; the  swelling’  of  the  ground 
will  soon  fill  up  the  spaces  at  the  back  of  the  edges  when 
the  bricks  are  laid  dry : this  method  induces  fewer  joints 
than  if  the  work  were  laid  as  in  the  manner  usually 
adopted  for  half -brick  arches  above-ground,  and  for  other 
reasons  is  more  fit  for  this  purpose.  The  ground  behind 
them  prevents  any  displacement  of  the  bricks,  for,  the 
tendency  of  the  pressure  being  to  twist  them,  a compres- 
sion of  the  ground  must  necessarily  take  place  before 
movement  can  occur  ; thus  the  bricks,  a,  a,  a,  &c.,  in  the 
figure,  before  they  can  be  moved  nearer  to  the  centre  of 
the  well,  or  alter  their  position,  must  force  outwards  one 
or  other  of  their  two  neighbours,  g,  g ; these  cannot 
evidently  be  so  moved  without  compressing  the  solid 
ground  behind : here,  again,  we  see  the  advantage  of 
working  as  close  as  possible  to  such  ground,  and  if  at  any 
time,  owing  to  a stone  or  otherwise,  the  excavation  be  not 
perfectly  round,  care  should  be  taken  to  puddle  with  solid 
clay  behind  the  steining,  to  prevent  displacement,  by  thus 
forming  a sufficient  abutment. 

The  work  when  9 inches  thick  is  laid  either  radiating,  as 
in  Fig.  9,  or  in  separate  4£-inch  rings,  Fig.  11  ; the  latter 
plan  is  usually  adopted,  and  may  be  considered  the  best, 
for  the  following  reason,  it  being  understood  that  the  work 
in  both  cases  is  laid  in  cement.  Considering  the  strength 
as  that  of  a compound  of  bricks  and  cement  in  Fig.  11, 
fracture  of  the  cement  must  take  place  before  any  failure, 
while  in  Fig.  9 a slipping  of  the  bricks  away  from  the  cement 
might  occur;  and  again,  in  executing  the  work  it  might 
be  considered  advisable — indeed,  it  generally  is — to  execute 
the  back  steining  first,  for  a certain  distance,  and  afterwards 
to  complete  the  inner.  Even  work,  not  wavy,  but  strictly 
vertical,  constitutes  good  steining,  and  looking  upwards 
from  the  bottom  of  a well  will  at  once  detect  if  the  work  be 
true  or  not,  the  eye  in  such  case  being  placed  close  to  the 
steining. 
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Well-diggers,  after  attaining  a certain  depth,  find  the 
confined  air  very  unpleasant  and  noxious.  The  carbonic 
acid  from  the  breath,  being  specifically  heavier  than 
common  air,  soon  stagnates  at  the  bottom  of  the  excava- 
tion : lime-water  is  sometimes  recommended,  as  this  will 
absorb  the  carbonic  acid ; 
it  is,  however,  an  awkward 
and  unworkmanlike  expe- 
dient. A pair  of  bellows 
or  a fanblast  should  be 
used  in  such  cases,  and 
the  air  conveyed  down  the 
well  in  pipes;  thin  zinc 
ones  answer  the  purpose 
very  well ; they  are  about 
2 inches  diameter.  The 
depth  of  hole  at  which  an 
artificial  supply  of  air  is  desirable  will  depend  on  the  dia- 
meter of  the  well  and  the  position  of  the  aperture.  If  it 
be  open  to  the  air,  with  no  temporary  shed  or  other  erection 
over  it,  a supply  may  not  be  required,  with  a 4 -feet 
excavation,  till  about  130  feet  from  the  surface.  In  this 
question,  however,  the  extreme  limits  should  not  be  sought 
for,  as  the  sooner  a plentiful  supply  is  given  the  better,  the 
workmen  getting  on  more  comfortably  to  themselves,  and 
also  much  more  rapidly. 

In  the  construction  of  iron  steining  the  wrouglit-iron 
cylinders  are  riveted  with  internal  ribs  of  angle  or  T-iron,  so 
as  to  be  flush  on  the  outside,  the  rivets  being  countersunk 
to  attain  this  end ; lowering  rings  are  also  riveted  inside 
them,  for  convenience  in  fixing.  Cast-iron  cylinders  being 
much  thicker,  and  therefore  heavier,  will  sink  into  the 
hole  with  less  driving  ; they  are  cast  in  about  5 -feet  lengths, 
and  are  joined  together  with  bolts  and  internal  flanges. 
In  sinking  cylinders,  their  vertical  position  must  be 
insured  by  letting  them  travel  or  slide  between  four 
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battens,  fixed  as  guides,  and  secured  to  the  brickwork. 
When  iron  cylinders  are  used,  it  is  generally  necessary  to 
secure  up  the  lower  part  of  the  brickwork,  as  the  sand  and 
water  will  give  it  no  support ; an  elm  or  iron  curb  is  there- 
fore used  for  the  purpose,  which  is  attached  by  iron  rods 
to  wood  beams  let  across  the  well,  or  iron  curbs  inserted 
some  distance  up  the  shaft.  The  space  between  the 
cylinders  and  brickwork  should  also  be  well  concreted, 
so  as  to  shut  out  the  water,  which  would  otherwise  rise  up 
from  the  sand.  To  prevent  land-springs  or  drains  from 
percolating  into  a well,  it  is  advisable  to  execute  the 
first  ten  or  twelve  feet  from  the  surface  in  9-inch  work,  the 
same  being  well  puddled  behind.  When  the  surface  soil 
itself  is  close  upon  the  stiff  clay,  this  may  be  neglected ; 
and,  when  the  land-springs  are  very  strong,  they  must  be 
shut  out  by  the  use  of  cylinders,  as  previously  described. 


CHAPTEE  Y. 

BORING. 

Though  boring  practically  requires  skill  and  care,  yet  in 
principle  it  is  extremely  simple.  The  operation  consists, 
as  its  name  would  imply,  in  working  a hole,  in  this  case 
made  in  the  crust  of  the  earth,  of  a diameter  varying 
according  to  circumstances,  and  in  a vertical  direction 
generally ; not  so  always,  however,  for  certain  require- 
ments may  demand  that  it  should  be  oblique.  Many 
systems  have  been  and  now  are  practised  in  carrying  on 
this  kind  of  work  ; and  though  in  England  but  one  is 
usually  followed, — of  many  modifications,  it  is  true, — yet 
it  would  be  well  to  mention  one  or  two  other  plans.  The 
simplest  is  that  practised  in  various  parts  of  the  Continent, 
and  called  the  Chinese  system  ; here  all  rods  connected  to 
the  boring-tool  in  the  ordinary  plan  are  dispensed  with, 
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the  borer  being  suspended  by  a rope,  which,  when  the  tool 
is  worked  vertically  up  and  down,  imparts  by  its  torsion 
a sufficient  circular  motion  to  the  tool.  In  this  case  the 
tool  and  the  rope  are  surrounded  by  an  iron  cylinder, 
and  the  products  of  the  excavation  become  collected  in  the 
circular  space  between  the  tool  and  the  cylinder,  by  which 
means  they  may  be  brought  up  to  the  surface  of  the 
ground.  With  so  simple  a machine,  different  tools,  of 
course,  being  used  for  various  strata,  it  may  be  asked, 
why  has  this  plan  not  superseded  all  others  ? Now, 
where  simplicity  can  be  gained  without  corresponding 
disadvantage,  it  is  well  to  employ  it ; but  where  a mani- 
fest inferiority  exists,  to  choose  simplicity  in  opposition  to 
complexity,  for  its  own  sake  alone,  is  absurd.  To  this 
plan  one  serious  drawback  occurs,  which  is,  that  the  bore- 
hole is  apt  to  become  crooked,  so  that  a great  difficulty,  if 
not  impossibility,  would  take  place  in  sinking  the  pipes 
necessary  for  protecting  the  hole.  That  this  fault  could 
be  rectified  there  can  be  little  doubt ; but  until  this  is  done, 
the  system  of  boring  by  impact  alone,  assisted  by  the 
twisting  action  of  the  rope,  will  never  become  very 
general.  In  rocky  strata,  or  in  places  where  the  straight- 
ness of  the  hole  is  of  little  moment,  this  method  may  be 
applied. 

The  ordinary  plan  is  to  attach  the  borer,  which  differs 
according  to  the  nature  of  the  work  to  be  done,  to  iron  rods 
screwed  together  in  lengths  of  from  ten  to  twenty  feet ; a 
circular  motion  being  given  to  the  borer  by  the  workman 
above,  assisted  when  required  by  a vertical  jumping  mo- 
tion, causes  the  boring-tool  to  work  for  itself  a hole  in  the 
ground.  It  is  evident  that  by  this  plan  a great  loss  of  time 
is  entailed,  for  the  tool,  when  it  becomes  full  of  the  pro- 
ducts of  the  boring,  must  be  drawn  up  to  the  boring  stage 
to  be  emptied  of  its  contents,  and  to  effect  this  the  rods 
must  be  unscrewed.  This  unscrewing  and  screwing, 
pulling  up  and  letting  down,  is  an  operation  entailing  a 
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great  loss  of  time,  which,  it  would  be  important  to  super- 
sede. An  apparatus  has  been  proposed  to  accomplish  this 
object,  and  was  patented  by  Beart  in  the  year  1844.  The 
rod  connecting  the  boring-tool  with  the  workmen  above  is 
hollow,  forming  a tube  with  water-tight  joints;  into  this 
tube  water  is  introduced,  an  upward  and  downward  current 
of  the  same  being  gained  by  allowing  the  water  to  flow  in 
one  direction  in  the  tube,  and  in  the  other  in  the  circular 
space  around  it.  The  strength  of  this  current  the  inventor 
considers  sufficient  to  carry  up  with  it  the  materials  which 
are  loosened  by  the  boring-tool.  That  some  loose  matter 
could  be  so  carried  is  probable,  though  in  a majority  of 
cases  it  is  likely  it  might  be  inrpossible.  Another  objection 
to  this  arrangement  is  the  immense  quantity  of  water 
necessary,  an  article  which,  in  sinking  a well,  is  not 
usually  very  plentiful  until  obtained  from  the  well  itself.* 

Confining  ourselves,  therefore,  to  the  ordinary  system,  it 
will  be  proper,  in  the  first  place,  to  notice  a few  prepara- 
tions which  are  necessary  before  commencing  the  boring 
itself.  Assuming  a well  to  be  sunk  so  deep  that  we  are 
certain  that  when  the  spring  is  tapped  the  water  will  rise  a 
sufficient  distance  within  it,  the  first  consideration  will  be, 
can  the  boring  take  place  from  some  point  in  the  well 
itself,  or  must  we  work  from  the  surface  ? The  answer  to 
this  will  depend  on  the  depth  of  the  proposed  bore,  together 
with  its  diameter,  and  the  nature  of  the  ground  to  be 
worked  into.  If  the  well  be  under  4 feet  diameter,  it  is 
difficult  to  obtain  sufficient  leverage  for  any  heavy  work, 
if  the  boring  takes  place  from  a point  in  the  well  distant 
from  the  surface  of  the  ground : in  that  case  we  are  driven 
to  work  from  the  surface,  but,  where  it  is  possible  to  bore 

* The  system  described  above  was  first  brought  prominently  before 
the  public  by  M.  Arago,  as  the  invention  of  a M.  Fauvel.  Notwith- 
standing the  countenance  of  that  philosopher  and  of  Dr.  Bucldand, 
the  objections  cited  in  the  text  are  valid  ; and  practically  it  has  been 
shown  that  the  system  could  not  be  worked.  At  any  rate  it  has  been 
allowed  to  drop  quietly. — Gr.  It.  B. 
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from  below,  it  is  better  to  clo  so  for  the  following  reasons, 
among  others : first,  there  will  be  a great  saving  of 
temporary  work  above-ground,  for  the  stage  the  workmen 
bore  from  must,  if  above-ground,  be  elevated  some  distance 
from  the  surface — 20  feet  at  least — or  great  waste  of  time 
will  take  place  in  screwing  and  unscrewing  the  rods,  &c. ; 
secondly,  a less  weight  of  rods  will  be  on  the  windlass,  for, 
if  the  boring  takes  place  from  a point  in  the  well,  the  rods 
need  only  to  be  suspended  by  ropes  from  the  windlass  to 
the  stage  in  the  well  from  which  the  boring  takes  place  ; 
and  there  will  be  an  economy  of  time  in  screwing  and  un- 
screwing the  rods,  as  they  may  be  drawn  up  without 
detaching  them  from  each  other  in  lengths  equal  to  the 
distance  of  the  windlass  to  the  boring  stage  nearly.  To 
reap  the  same  advantage  when  boring  from  the  surface,  a 
high  jmir  of  shears  or  a triangle  is  requisite,  which,  of 
course,  adds  to  the  expense  and  trouble. 

Supposing  it  decided  that  boring  should  be  carried  on  in 
the  well,  care  should  be  taken  to  fix  on  the  position  of  the 
stage  or  floor  from  which  the  work  is  done ; this  should  be 
as  low  as  practicable,  as  may  be  supposed  from  what  lias 
been  said  before  ; but  at  the  same  time  the  stage  should  be 
a sufficient  distance  above  the  level  in  the  well  to  which  tho 
water  will  rise.  This  is  a consideration  which  can  be 
ascertained  only  by  experience  and  a knowledge  of  the 
spring-water  level  of  the  district.  The  stage  consists  of  a 
stout  plank  floor,  resting  on  strong  putlogs.  The  flooring 
is  well  braced  together  by  planks  nailed  transversely  across 
the  same.  In  the  centre  of  this  floor  is  a square  hole,  a 
little  larger  than  the  boring-rods,  which  therefore  can  pass 
through  it,  but  not  large  enough  to  allow  a small  hook 
apparatus,  represented  in  Fig.  15,  which,  having  the 
power  of  holding  the  rods  suspended  while  they  are 
screwed  and  unscrewed,  will  prevent  their  falling  through 
the  stage.  From  the  bottom  of  the  well  to  above  whe&re 
the  water  will  rise,  say  to  nearly  under  the  boring  stage, 


48 


RUDIMENTARY  TREATISE  ON 


wooden  trunks,  strongly  but  temporarily  secured,  are  fixed 
as  guides  for  the  boring-tools,  permanent  pipes,  &c.  These 
trunks  may  be  made  square,  and  are  fitted  by  sockets  one 
into  the  other.  Sometimes  temporary  iron  pipes  are  used 
instead  of  these  wooden  trunks.  The  permanent  pipe  to 
be  inserted  in  the  hole  bored  should  be  joined  together  and 
slung  down  the  well,  ready  to  be  fixed  when  occasion  may 
require.  Thus  having,  we  will  suppose,  bored  through  the 
mottled  clay,  the  sooner  the  pipes  follow  the  better,  as  the 
sand  underneath  is  liable  to  blow  up  into  the  bore-hole,  or 
the  clay  itself,  when  not  dense  and  stiff,  may  fall,  and  to  a 
certain  extent  choke  up  the  hole.  These  pipes  are  either 
of  cast  or  wrought  iron  ; the  latter  are  generally  used  for 
small  distances,  and  the  former,  as  being  thicker,  for  very 
deep  work,  where  much  driving  will  be  required.  The 
lower  pipes  of  the  series  are  usually  perforated  with  small 
holes  when  the  spring  is  in  sand ; but  when  the  water  is 
to  rise  from  chalk  or  rock,  no  perforation  is  required,  be- 
cause the  pipes  themselves  are  only  requisite  when  the 
bore-hole  will  not  stand  without  them.  In  many  cases  in 
and  about  London,  advantage  is  taken  both  of  the  main 
sand  spring  and  the  chalk  springs  also  ; then  perforated 
pipes  are  driven  in  the  former,  smaller  pipes  and  a smaller 
bore  being  continued  to  the  chalk.  The  junctions  of  the 
pipes  show  nearly,  sometimes  quite,  an  even  face  on  the 
outside.  The  cast-iron  pipes  have  generally  turned  joints 
and  wrou glit-iron  collars,  usually  flush  on  the  inside  as 
well  as  on  the  outside  ; if,  however,  required  to  be  slighter, 
they  may  be  cast  with  the  vertical  portion  of  a less  thick- 
ness than  the  flanges;  for  if  the  thickness  at  the  joint  be 
the  same  in  both  cases,  no  advantage,  as  far  as  passing 
tools  up  and  down,  is  gained  by  having  the  internal  dia- 
meter uniform  throughout,  though  there  is  a great  advan- 
tage in  point  of  strength.  The  collars  are  sometimes  fixed 
on  the  pipes  with  screws  ; though,  when  the  joints  are  not 
turned,  they  are  run  together  with  metal : this  latter  plan 
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will  entirely  exclude  any  bad  water  which  may  be  met 
with ; but  the  other  mode  of  fixing  is  the  one  usually 
adopted.  The  wrought-iron  pipes  are  now  seldom  riveted, 
but  have  thin  collars  soldered  on  to  the  pipes,  which  are 
never  quite  flush  outside.  The  melting  of  the  solder,  pre- 
viously run  into  the  parts  to  be  joined,  is  accomplished  by 
suspending  iron  heaters  down  the  pipe  ; the  small  heater- 
being  made  of  one,  and  the  larger  heater  of  two,  circular 
pieces  of  iron. 

The  pipes  are  lowered  into  the  well  by  means  of  a wooden 
plug  traversed  on  the  under-side  by  pins  or  keys  of  sufficient 
length  to  carry  the  sides  of  the  pipe.  A small  groove  is 
cut  in  the  pipe  to  receive  these  keys,  and  as  soon  as  the  pipe 
is  lowered  into  its  place  it  may  be  detached  from  the  plug 
by  merely  turning  the  latter  in  a direction  which  will  cause 
the  keys  to  fall  back  into  the  depressions,  or  seats,  left  for 
the  purpose  of  bringing  them  within  the  dimensions  of  the 
interior  of  the  pipe.  By  means  of  these  keys  it  is  also  pos- 
sible to  drive  the  pipes,  by  causing  them  to  bear  upon  its 
upper  end.  (See  Fig.  24,  p.  57.) 

The  boring-rods  are  usually  made  of  wrought  iron,  in 
lengths  of  from  10  to  20  feet ; it  is,  however,  convenient  to 
employ  them  of  only  one  length,  and  to  number  the  rods, 
in  oi  dei  at  any  time  to  have  an  approximate  guide  to  the 
depth  of  the  boring.  The  head  of  the  first  rod  is  made 
with  a hook,  by  means  of  which  it  is  suspended  to  the  lever 
communicating  the  percussive  motion  ; and  below  this  hook 
it  has  an  eye  formed  to  receive  a transverse  bar,  which, 
by  being  turned  by  the  workmen,  communicates  the  rotary 
motion  (see  Fig.  12).  The  bottom  of  each  rod  has  a socket, 
tapped  with  a female  screw,  to  receive  the  head  of  the 
succeeding  rod,  which  is  formed  by  a male  screw  fitting 
into  the  socket.  Under  the  screwed  head  there  is  a swelling 
out  of  the  rod,  indicated  in  Fig.  13,  for  the  purpose  of 
suspending  it  during  the  operation  of  withdrawal;  the 
projection  rests  upon  the  sides  of  the  crow’s  foot  (Fig.  15), 
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whilst  the  upper  rod  is  being  detached,  and  the  crow’s  foot 
itself  is  supported  by  the  stage  upon  which  the  men  work. 

In  borings  of  small  depth  the  rotary  and  percussive 
motions  are  produced  by  manual  labour  ; when  the  depth 
becomes  exceedingly  great,  however,  horse-power,  or  the 


Head  and  joints  of  iron  rods. 


steam  engine,  must  be  employed,  on  account  of  the  weight 
of  the  rods.  In  sinking  the  wells  at  Grenelle,  M.  Mulot 
used  a horse-mill ; of  late  years  M.  Degousee  has  employed 
steam,  and  at  Southampton  latterly  the  rods  were  raised 
and  lowered  by  steam- power.  ■ • 

The  rotary  motion  is  usually  communicated  by  means 
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Fig’.  15. 


of  levers  traversing  the  eye  in  the  position  shown  in  Fig. 
12,  as  before  stated ; and  in  tolerably  yielding  materials 
such  as  clay,  sand,  soft  chalk,  &c.,  no  other  motion  is 
required  to  secure  the  descent  of  the  boring- tool ; but  in 
harder  materials  it  is  necessary  to 
comminute  the  rock  before  the  tool 
can  make  any  progress.  The  simplest 
manner  of  effecting  this  object  consists 
in  suspending  the  rods  by  a rope  coiled 
two  or  three  times  round  the  barrel  of 
a windlass,  and  adjusting  the  rope  in 
such  a manner  that  if  a workman  hold 
one  end  of  the  coil  tight  the  friction 
will  be  sufficient  to  raise  the  rods  on 
the  windlass  being  set  in  motion. 

Should  the  end  of  the  rope  the  work- 
man holds  now  be  slackened,  the  coil 
becomes  loose,  and  the  rods  descend 
with  a force  proportionate  to  their  own 
weight  and  the  distance  they  have 
travelled  through.  A regular  per- 
cussive action  is  therefore  gained  by 
keeping  the  windlass  constantly  in 
motion  in  one  direction,  the  attending 
workman  alternately  allowing  the  rods 
to  be  drawn  up  a certain  distance,  and 
then,  by  relaxing  his  hold,  to  fall. 

From  this  description  of  the  manner 
of  communicating  the  different  move- 
ments to  the  rods  it  must  be  evident 
that  their  weight  is  a very  important 
consideration,  and  that  in  order  to 
resist  the  efforts  of  torsion  and  percussion  they  must  be 
made  of  dimensions  proportionate  to  the  depth  of  the 
ore  For  depths  not  exceeding  100  feet,  and  with  a 
bore-hole  of  from  2 to  3 inches,  a rod  1 inch  square,  womh- 
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ing  3f  lbs.  per  foot  lineal,  will  suffice.  A depth  of  about 
from  600  to  700  feet,  with  a bore-hole  of  6 or  7 inches 
diameter,  will  require  rods  measuring  at  least  If  inch  on 
a side,  weighing  8 -8  lbs.  per  foot  lineal;  whilst  for  such 
depths  as  the  wells  at  Grenelle  or  Southampton  they  would 
require  to  be  at  least  2 inches  on  the  side  and  weigh  13f 
lbs.  per  foot.  The  weight  thus  increases  as  rapidly  as  the 
depth ; and  when  the  latter  is  considerable,  inasmuch  as 
the  upper  parts  bear  upon  the  working  end,  the  danger  of 
rupture  also  augments. 

At  very  great  depths  not  only  does  the  weight  of  the 
rods  become  an  evil  of  serious  importance,  but  when  the 
percussive  motion  is  given  to  the  rods  they  vibrate  with 
great  force,  and  striking  against  the  sides  of  the  bore,  they 
are  likely  to  detach  portions  of  the  rock,  which  would,  in 
that  case,  fall  upon  the  top  of  the  tool.  This  danger  has 
been  sometimes  obviated  by  using  lighter  and  more  volu- 
minous rods ; indeed,  as  the  bore-holes  are  usually  filled 
with  water,  and  therefore  the  rods  lose  a portion  of  their 
weight,  it  is  advantageous  to  increase  the  volume,  even  if 
the  weight  remain  the  same.  M.  Degousee  effected  the 
desired  object  by  using  wooden  rods  surrounded  by  iron 
bands,  and  with  iron  screwed  heads  (see  Fig.  16) ; or  by 
using  tubular  wrought-iron  rods  of  the  same  weight  per 
foot  lineal  as  the  solid  rods,  but  which,  owing  to  their  dis- 
placement of  water,  did  not  act  so  injuriously  upon  the 
lower  portions,  whilst,  at  the  same  time,  their  volume 
rendered  them  less  liable  to  vibrations.  The  wrought-iron 
tubes  present  this  advantage  over  the  wooden  rods,  that 
they  are  more  calculated  to  resist  the  effort  of  torsion ; but 
the  latter,  on  the  contrary,  are  lighter. 

Beyond  a certain  depth  it  is  dangerous  to  exercise  a 
percussive  action  of  such  power  as  to  expose  the  lower  rods 
to  be  broken.  Many  accidents  have  occurred  in  borings 
from  the  neglect  of  this  consideration,  and  perhaps  the 
well  of  Grenelle  furnished  a greater  number  of  illustra- 
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tions  of  the  necessity  for  the  abstract  theoretical  calculations 
of  the  weight  and  description  of  the  rods  to  be  employed 
than  any  well  ever  executed  ; it  was  marked  by  a con- 
tinued series  of  accidents  from  this  cause.  Indeed,  when 
borings  exceed  1000  feet,  the  systems  above  described, 
viz.,  the  use  of  wooden  or  tubular  rods,  will  not 
suffice  to  obviate  the  danger  of  crushing  the 
lower  portions  of  the  boring-tool,  and  the  slide- 
joint,  invented  by  (Euyenhausen,  is  necessary  to 
insure  their  safety. 

When  this  joint  is  used  the  rod  is  divided 
into  two  portions ; the  upper  one  being  counter- 
balanced by  a weight  suspended  to  a lever,  and 
the  lower  one  only  allowed  to  act  by  percussion, 

— the  weight  of  the  latter  rarely  exceeding  from 
12  to  16  cwt.  Between  these  portions  the  slide- 
joint  is  introduced.  It  consists  of  two  parts 
(see  Fig.  17)  able  to  slide  upon  one  another  for  a 
distance  of  about  one  foot,  and  so  arranged  that 
during  the  descent  one  becomes  detached  from 
the  other.  The  upper  part  is  balanced  by  tho 
counterpoise.  When  the  boring-tool  is  allowed 
to  descend  after  it  has  been  raised  for  the  pur- 
pose of  getting  the  blow,  it  will  strike  the  bottom 
simply  with  a weight  equal  to  that  of  the  lower 
portion,  and  the  upper  portion  will  descend  gently 
through  the  distance  of  1 foot  until  it  rests  upon 
the  collar.  Should  it  be  required  to  bore  without 
percussion,  the  slide- joint  is  suppressed,  and  a 
common  rod  substituted ; in  that  case  also  the 
lighter  and  weaker  rods  are  replaced  by  stout 
bars  able  to  resist  an  effort  of  torsion. 


As  the  boring-tool  is  in  all  these  operations  the  acting 
Part,  its  form  varies  according  to  the  object  proposed  to  be 
attained  and  the  resistance  of  the  ground  to  be  traversed ; 
the  first  condition  being  that  it  correspond  with  the  clia- 
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Fig.  17. 


meter  of  the  bore.  Each  tool  is  shut  upon  a 
rod  carrying  a joint,  the  joint  being  usually  a 
screw,  with  the  female  screw  downwards. 
The  boring-tools  may  be  divided  into  four 
classes,  according  to  the  object  they  are  in- 
tended to  effect : 1,  tools  for  cutting  or  com- 
minuting rocks  by  percussion  (see  Figs.  18,  19, 
20) ; 2,  tools  for  extracting  soft  or  disinte- 
grated materials  (see  Figs.  21,  22,  23) ; 3,  tools 
for  cleansing  and  enlarging,  or  equalizing  the 
bore-hole  ; 4,  tools  for  extracting  any  broken 
rods,  or  for  accidental  works,  or  for  raising  or 
lowering  the  tubes. 

The  tools  for  percussion  consist  of  an  infinite 
number  of  chisels  whose  forms  do  not  appear 

-4-3  t 

.S  to  require  so  many  modifications  as  workmen 
usually  introduce.  In  hard  rocks,  such  as 

rO 

'•%  the  oolites,  a plain  chisel  with  a diameter  equal 
to  the  hole  to  be  bored,  and  with  a cutting 
| edge,  is  sufficient.  The  shape  represented  in 
M Figs.  18  and  19  is  adapted  to  harder  rocks,  such 
as  the  sandstones,  because  it  divides  the  action, 
g The  twisted  chisel,  Fig.  20,  is  adapted  for  softer 
rocks. 

Boring-tools  are  usually  made  upon  the  same 
principle  as  wood  augers  ; that  is  to  say,  they 
consist  of  a point  which  disintegrates  the  rock 
by  its  rotary  motion  ; of  a species  of  tongue,  or 
occasionally  of  a clack,  to  support  the  loosened 
materials ; and  of  the  body  of  the  auger,  which 
contains  these  materials,  at  the  same  time  that 
it  serves  to  enlarge  the  hole.  It  must  be 
evident  that  these  augers  can  only  be  used  in 
soft  ground,  for  they  would  not  exercise  any 
action  upon  hard  rocks.  Their  forms  differ 
according  to  the  nature  of  the  strata  traversed, 


WELLS  AND  WELL-SINKING. 


55 


being  open  and  cylindrical,  in  clayey  or  calcareous  lands 
possessing  a certain  degree  of  cohesion.  They  are  closed, 
and  sometimes  conical,  in  running  sands  ; and  in  this  case 


Figs.  18,  19,  20.  Chisels. 


it  is  also  necessary  occasionally  to  use  closed  augers  with 
clacks,  or  even  a movable  bullet,  to  prevent  the  accumu- 
lated matters  from  falling  back  into  the  bore. 

The  vertical  position  of  the  rods  is  insured  by  attaching 
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to  them  four  guides  fitting  closely  into  the  bore-hole,  yet 
allowing  the  free  action  of  the  tools  themselves. 

The  tools  used  for  enlarging  a hole  may  consist  either  of 


the  chisels  (Nos.  18,  19)  already  described,  or  of  augers  with 
increasing  diameters.  M.  Degousee  used  a very  simple 
tool  for  the  purpose  of  equalizing  the  dimensions  of  a bore. 
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which  consisted  of  two  iron  plates,  from  5 to  7 feet  apart, 
between  which  square  bars  with  cutting  edges  were  inserted 


Fig.  24. 
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vertically.  These  bars,  if  made 
to  turn  in  the  hole,  would  of 
course  act  upon  the  sides  for 
their  whole  height. 

The  tools  for  the  purpose  of 
withdrawing  any  broken  rods 
consist  of  three  principal  de- 
scriptions : a species  of  hook 
which  is  made  to  fit  under  the 
projecting  parts  of  the  rod; 
a screw  tap,  the  mouth  of  which 
is  larger  than  the  end  of  the  rod 
to  be  raised ; and  a spring- 
clutch,  so  arranged  that  the 
rod  will  allow  the  catches  to 
descend,  but  in  the  upward 
motion  they  are  pressed  upon 
the  rod  by  means  of  steel 
springs.  Fig.  25  represents  a tool  used  to  withdraw  por- 
tions of  rods.  Should  these  means  fail,  no  resource  is  left 
but  to  thrust  the  rod  aside,  into  the  bore,  and  jv0>i 
continue  the  work  beyond  it. 

The  scotch,  Fig.  26,  is  used  for  the  purpose  of 
allowing  the  rods  to  rest  on  the  wooden  stage,  or 
for  that  of  unscrewing  the  different  lengths. 

The  tool  represented  by  Fig.  24  is  for  the  purpose 
of  lowering  tubes  into  their  places  ; when  open, 
the  tongues  bear  against  pins  upon  the  bottom  of 
the  tubes ; by  turning  in  a reverse  direction,  they 
fall  back  into  the  seats  prepared  to  receive  them ; 
thistoolhasbeen  already  referred  to ; another  instru- 
ment for  effecting  the  same  purpose  will  be  found  at  page  80. 

It  must  not  be  understood  that  the  above  description 
comprehends  every  tool  used  by  well-borers.  Each 
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tractor,  in  fact,  lias  liis  own  system,  and  the  nature  of  the 
ground  to  be  operated  upon  varies  so  much  in  one  locality 
from  what  it  is  in  another,  that  every  case  requires  to  be 
treated,  as  it  were,  upon  its  own  merits.  See  illustrations 
in  the  works  of  MM.  Degousee  and  Burat. 

In  conclusion  it  may  be  desirable  to  give  the  following 
specifications,  one  of  which  was  used  by  the  late  Mr. 
Swindell  for  a well  only,  and  the  other  for  a work  compris- 
ing both  well-digging  and  boring. 

Specification. 

Conditions  and  particulars  to  be  observed  by  the  contractor 
during  the  sinking,  steining,  and  boring  a well,  situate 
at , for , and  to  be  executed  under  the  super- 

intendence of  Mr.  J.  G.  Swindell,  architect. 

The  work  to  be  carried  steadily  forward  from  the  com- 
mencement to  the  completion  of  the  same,  a sufficient  gang 
or  gangs  of  men  being  always  employed  during  the  usual 
working  hours.  No  deviations  to  be  made  in  any  manner 
from  the  covenants  and  agreements  in  this  specification, 
and,  in  case  any  work  should  not  be  to  the  satisfaction  of 
the  above-named  J.  G.  Swindell,  the  same  to  be  immedi- 
ately altered  and  amended.  The  care  of  the  works  rests 
with  the  contractor  alone,  the  owner  not  being  accountable 
for  anything  stolen,  or  for  any  loss  or  damage ; and  in  case 
any  unforeseen  circumstance  should  take  place,  or  any 
accident,  of  whatever  kind,  should  arise,  causing  additional 
trouble, — workmanship,  or  making  good  such  work, — is 
included  in  the  contractor’s  accountability,  and  is  to  be  rec- 
tified or  made  good  by  him  without  any  extra  or  additional 
charge  beyond  the  amount  of  the  contract. 

The  contractor  is  to  provide  all  labour,  tools,  tackle, 
buckets,  windlasses,  ropes,  boring  augers,  and  all  and  every 
tool  or  requisite  for  carrying  on  the  works  ; the  bricks,  sand, 
cement,  and  pipes  for  lining  the  bore-hole  being  alone  found 
by  the  employer. 
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In  case  the  contractor  shall  delay  the  work  or  refuse  to 
proceed  with  the  same,  the  employer,  after  having  given 
the  contractor  one  week’s  notice  in  writing,  is  at  liberty  to 
take  possession  of  all  materials  or  tackle  that  are  on  the 
ground  belonging  to  the  contractor,  and  which  he,  the  said 
contractor,  forfeits  by  delay  or  refusal.  The  employer  shall 
also  be  at  liberty  to  engage  other  workman  or  workmen, 
and  to  deduct  all  the  cost  and  charges  thereof,  from  money 
due  for  previous  work  done  by  the  contractor,  the  said 
contractor  forfeiting  by  his  delay  or  refusal  all  such  money. 

The  amount  of  the  contract-money  to  be  paid  by  weekly 
instalments,  calculated  to  reserve  one-half  of  the  cost  of  the 
works  done,  and  subject  to  a certificate  from  the  architect 
that  they  are  going  on  to  his  satisfaction,  and  are  sufficiently 
advanced  to  warrant  such  payments.  The  balance  of  the 
amount  due  to  the  contractor  on  the  completion  of  the  work 
to  be  paid  within  one  week  after  the  fixing  of  the  permanent 
pumps. 

Digging  and  Steining. — To  excavate  a well  4 feet  diameter 
in  the  clear  when  the  steining  is  finished,  and  of  a depth  of 
200  feet ; place  the  earth  removed  conveniently  for  wheeling 
away,  the  wheeling  being  performed  by  the  employer. 
Stein  in  4^-inch  brickwork  the  said  well  ; the  bricks  to  be 
laid  dry,  with,  at  intervals,  three  courses  sot  in  cement, 
such  intervals  to  be  regulated  by  the  nature  of  the  clay, 
but  in  no  case  to  exceed  5 feet  apart ; shut  out  all  land- 
springs  by  bricking  entirely  in  cement  and  puddling  behind 
the  same.  Ten  feet  from  the  surface  of  the  ground  the 
steining  to  be  9-inch  work,  laid  in  cement,  so  as  to  block 
out  surface  drainage.  Pump  or  bale  out  any  accumulated 
water  that  may  occur  during  the  progress  of  the  work. 
Pill  up  all  putlog  holes,  and  leave  the  steining  in  a perfect 
state. 

Boring. — At  the  bottom  of  the  said  well,  when  it  has  at- 
tained the  depth  of  200  feet,  insert,  full  2 feet  into  the 
bottom,  a cast-iron  pipe,  12  inches  diameter  and  9 feet  long ; 
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then  bore  with  an  11^-inch  auger,  shell,  or  other  tool 
requisite,  and  fit  into  the  hole  8 -inch  wrought-iron  boring 
pipes  of  the  usual  construction  ; after  attaining  a depth  of 
bore  at  which  the  8 -inch  pipes  will  no  longer  drive,  insert 
6-inch;  make  all  joints  in  the  said  pipes  secure  and  good, 
providing  the  solder  and  the  materials  for  the  purpose. 
The  lower  pipes  to  be  well  driven  into  the  spring,  and  to 
have  holes  in  the  same  to  allow  sufficient  waterway ; the 
upper  pipe  to  stand  12  feet  above  the  bottom  of  the  shaft. 
Provide  and  fix  all  temporary  wooden  trunks  before  com- 
mencing boring,  and  do  all  temporary  work  required 
during  the  progress  of  the  boring  and  other  work. 

Contract. — I,  , of  , do  hereby  engage  and 

agree  with  - — ■ — , of  , for  and  in  consideration  of 

the  sums  undermentioned,  to  do  all  the  labour,  finding  all 
tools  and  tackle  necessary  in  digging,  steining,  and  boring 
a well,  to  be  done  in  strict  and  literal  accordance  with  the 
covenants  and  directions  of  the  foregoing  specification. 
The  same  to  be  done  in  the  most  workmanlike  manner  and 
to  the  entire  satisfaction  of  Mr.  J.  Gr.  Swindell,  architect. 
The  contract-money  to  be  as  follows,  viz. : — For  executing 

completely  the  200  feet  of  well-work ; for  the  first 

100  feet  of  boring  at  the  rate  of  ; the  next  20  feet 

an  increase  of  per  foot,  and  increasing  per  foot  every 

20  feet  deep  the  sum  of . I hereby  undertake  to  go 

on  with  the  work  till  ordered  in  writing  by  my  employer 
to  stop,  and  to  satisfactorily  complete  the  work,  without 
any  extra  charge  beyond  the  said  money  mentioned  above, 
which  is  to  be  calculated  only  to  the  depth  of  the  work 
actually  done. 

N.B. — The  reason  no  prices  are  given  in  the  above  is 
because  so  doing  might  greatly  mislead,  a variety  of  mat- 
ters influencing  the  expense  of  the  works  in  such  uncertain 
operations  as  well-work : framing  the  contract  so  as  only 
to  pay  for  what  is  actually  done  is  fairest  both  to  the  em- 
ployer and  contractor,  and  is  therefore  adopted  in  this 
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contract.  In  the  following  work  it  was  expected  that  water 
would  be  found  about  85  to  90  feet  from  the  surface ; 
experience  showed  that  81  feet  was  the  point  where  the 
spring  was  entered.  Contracting,  therefore,  for  50  feet 
certain,  and  then  at  an  increasing  schedule  of  prices,  was 
considered  the  best  method  : here  all  things  were  found  by 
the  contractor. 

Specification. 

Specification  of  certain  works  required  to  be  done  in  sink- 
ing and  steining  a well  for , of , to  be  exca- 

vated in  a field  called  Great  Daws,  in  a part  of  it  to  be 
pointed  out  to  the  contractor. 

Excavator. — To  excavate  a well  4 feet  diameter  in  the 
clear  when  finished  and  steined ; to  be  sunk  as  deep  as 
directed  by  Mr.  Swindell,  architect,  under  whose  superin- 
tendence the  work  is  to  be  done ; provide  all  buckets,  tackle, 
ropes,  windlass,  &c.,  necessary  for  removing  the  products  of 
the  excavation,  which  are  to  be  placed  or  piled  in  a part 
of  the  field  where  directed,  within  60  feet  of  the  opening 
of  the  shaft ; provide  all  shoring,  boring  augers  necessary 
for  feeling  the  work,  as  the  excavation  proceeds ; remove 
all  extraneous  water,  and  do  all  things  necessary  for  com- 
pleting the  works. 

Steining. — The  bricks  to  be  new,  sound,  hard,  square, 
well-burned  gray  stocks.  The  steining  to  be  4|-inch  work, 
and  to  be  laid  dry  in  the  most  careful  and  approved  man- 
ner, between  the  courses  laid  in  cement,  which  cemented 
rings  are  to  be  three  courses  thick,  and  to  occur  as  close  as 
may  be  necessary  for  the  stability  of  the  work,  never  ex- 
ceeding 5 feet  apart.  AVkere  land-springs  occur,  or  in  bad 
ground,  the  steining  to  be  executed  entirely  in  cement,  and 
puddled  behind.  The  first  4 feet  from  the  surface  to  be 
steined  in  9-inch  work  set  in  cement.  The  best  Roman 
cement  and  sharp  Thames  sand  to  be  used ; the  former  to 
be  gauged  with  half  sand. 
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CHAPTEK  VI. 

NOTES  ON  ARTESIAN  WELLS  MADE  BEFORE  1851. 

The  Wells  at  Trafalgar  Square,  London. 

From  the  position  of  the  fountains,  the  discussions  their 
appearance  gave  rise  to,  and  the  circumstances  attending 
their  execution,  this  national  work  is  well  worth  attention : 
a descriptive  sketch  is  therefore  given  of  the  wells,  and  of 
the  engine  for  raising  the  water.  The  water  is  supplied 
by  two  wells,  connected  together  by  a tunnel,  or  driftway, 
which  is  run  in  the  clay  at  a point  lower  than  the  position 
in  the  wells  to  where  the  water  rises ; the  wells  and  tunnel 
are  calculated  to  hold,  when  the  water  has  attained  its 
maximum  height,  122  000  gallons.  One  of  these  wells  is  in 
Orange  Street,  and  about  180  feet  deep,  with  a diameter  of 
6 feet ; the  other  is  in  front  of  the  National  Gallery,  and 
is  of  very  nearly  the  same  depth,  with  a diameter  of  4 feet 
G inches  ; the  driftway  is  6 feet  diameter,  and  occurs  about 
5 feet  from  the  bottom  of  the  shafts ; this  driftway,  or 
tunnel,  is  horizontal.  The  boring,  which  commenced  at 
the  bottom  of  the  shaft,  was  continued  to  a greater  depth 
in  the  well  opposite  the  National  Gallery  than  intho  one  in 
Orange  Street;  the  total  depth  from  the  surface  being,  in 
one  case,  895,  while,  in  the  other,  it  was  about  300  feet. 
The  use  of  the  tunnel  is  almost  self-evident ; it  acts,  as 
may  be  supposed,  as  a reservoir  to  store  the  water  while 
the  engine  is  not  at  work ; thus  insuring  a sufficiency  to 
supply  the  pumps,  even  should  they  draw  the  water  away 
from  the  well  faster  than  the  same  is  supplied  by  the 
spring.  The  strata  passed  through  by  the  two  wells  may 
be  thus  stated  upon  the  authority  of  a section  published  in 
the  Illustrated  London  News. 
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Well  in  front  of  National  Gallery. 

Made  ground 

9 feet. 

Gravel 

5 „ 

Shifting  sand 

7 „ 

Gravel 

2 „ 

London  clay 

142  „ 

Thin  layer  of  shells. 

Plastic  clay 

30  „ 

Green-sand,  pebbles,  &c. 

11  „ 

Green- sand 

42  „ 

Chalk .... 

>> 

Total  depth  to  chalk  is  there- 
fore 248  feet,  and  total  depth  of 
well  and  bore  395  feet. 


Well  in  Orange  Street. 

Made  ground  . . 15  feet. 

Gravel  . . . 5 ,, 

Loam  and  gravel  . 10  ,, 

London  clay  . . 145  ,, 

Thin  layer  of  shells. 

Plastic  clay  . . 30  ,, 

Gravel  and  stones  . 10  ,, 

Green-sand.  . . 35  ,, 

Chalk,  which,  according  to  the 
above,  is  distant  from  the  sur- 
face 250  feet,  the  bore  being 
continued  to  a total  depth 
from  surface  of  ground  of 
about  300  feet. 


The  pumping  engines  are  on  the  Cornish  plan ; one  is  of 
the  usual  construction,  having  a beam,  and  the  other,  which 
is  chiefly  required  as  a reserve  engine,  is  direct-acting,  that 
is,  the  beam  is  dispensed  with,  and  the  piston-rod  of  the 
engine  connected  by  rods  directly  on  to  the  pumps.  Though 
the  mode  of  action  of  these  and  other  Cornish  eng’ines 
cannot  be  thoroughly  explained  without  complicated  draw- 
ings,  yet  the  following  will  give  some  idea  of  it,  and,  if 
attentively  read  over,  while  watching  the  working  of  an 
engine  of  this  description,  may  assist  the  reader  in  the 
comprehension  of  its  action.  The  steam  acts  on  the  piston, 
if  the  engine  be  a beam  engine,  only  during  its  down- 
stroke  : to  regulate  this,  a valve  is  required,  situated  so  as 
to  open  and  shut  the  communication  between  the  steam  in 
the  boiler  and  the  top  of  the  cylinder,  in  which  the  piston 
slides,  and  a similar  valve  opening  a communication 
between  the  top  and  the  bottom  of  the  cylinder:  now, 
should  this  be  open,  the  steam  valve  being  shut,  the  piston 
will  rise,  for  the  counterweight  at  the  opposite  end  of  the 
beam  will  pull  the  piston  upwards,  and  the  steam  will  cir- 
culate from  the  top  to  the  bottom  of  the  cylinder.  A third 
valve  is  also  required  to  open  and  shut  a communication 
between  the  bottom  of  the  cylinder  and  the  vessel  in  which 
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the  steam  is  condensed ; so  that  the  steam,  which  in  the 
down-stroke  of  the  piston  caused  its  motion,  is,  after  having 
changed  its  position,  by  the  opening  of  the  equilibrium 
valve,  from  the  top  to  the  bottom  of  the  cylinder,  then  by 
the  opening  of  the  exhaust  valve,  let  into  the  condenser. 
With  this  explanation,  the  double  stroke  of  the  engine  may 
be  understood:  supposing  the  steam  valve  and  exhaust  valve, 
opened  by  the  preponderance  of  weights,  released  by  the 
cataract,  or  instrument  for  regulating  the  distance  between 
the  strokes,  a downward  motion  of  the  piston  commences, 
when  at  about  one-third  of  its  stroke,  or  less,  the  motion 
of  the  engine  shuts  the  steam  valve,  the  exhaust  valve 
remaining  open,  the  expansion  of  the  steam  shut  in  the 
upper  part  of  the  cylinder  causes  the  piston  to  continue  its 
motion  to  near  the  bottom  of  the  cylinder,  and  at  a point  a 
little  above  the  end  of  the  stroke  the  exhaust  valve  is  shut. 
The  engine  is  now  quite  stationary ; at  the  proper  period 
the  cataract  releases  the  equilibrium  valve  weight ; the 
valve  rises,  and  the  up-stroke  is  performed  by  the  aid  of 
the  counterweight,  as  before  remarked.  On  the  engine 
shutting  the  equilibrium  valve,  the  up-stroke  of  the  piston 
is  stopped,  and,  after  a definite  period,  by  the  action  of  the 
cataract,  the  steam  valve  is  again  opened.  The  steam 
being  condensed,  the  under-side  of  the  piston,  it  is  almost 
needless  to  remark,  is  in  vacuo  during  its  down-stroke : 
this  condensing  apparatus  is  not  common  to  the  pumping 
engine  alone,  but  is  usually  applied  in  all  large  engines. 
The  advantage  of  condensation  is  equivalent  to  an  increased 
pressure  of  steam  in  the  boiler,  for  it  is  manifestly  the 
same  thing  in  effect  to  withdraw  a certain  resistance 
opposed  to  the  motion  of  the  piston  as  to  add  additional 
urging  force,  the  resistance  being  retained;  and  if,  further, 
this  resistance  can  be  removed  with  less  expenditure  than 
the  increased  pressure  can  be  gained,  it  is  clear  its  removal 
is  more  desirable  than  increasing  the  pressure  of  steam. 
To  condense  the  exhaust  steam,  we  require  plenty  of  cold 
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water ; to  increase  tlie  boiler  pressure,  we  require  more 
fuel,  and  circumstances  wdll  determine  wliicli  of  these  two 
it  will  be  best  to  expend. 


This  work  differs  from  the  former  example  in  the  de- 
scription of  steam  engine  and  arrangement  of  the  pumps, 
for  as  the  engine  is  required  to  do  other  work  besides 
pumping,  the  ordinary  pumping  engine  is  inadmissible. 
The  well,  the  pumps,  and  the  motive  power  are  therefore 
mentioned  in  order.  Firstly,  the  well : this  is  sunk  to  a 
depth  of  180  feet,  of  a diameter  in  the  clear  of  9 feet  G 
inches,  and  the  steining  is  executed  throughout  the  entire 
depth  in  cement.  For  28  feet  from  the  surface,  unusual 
precautions  are  taken  to  exclude  land-springs,  &c. ; they 
are,  first,  an  inner  steining  of  half  brickwork  set  in  cement ; 
next,  segmental  cylinders  of  iron ; next,  a thickness  of 
about  9 inches  of  concrete  ; and  lastly,  behind  all  this,  a 
9-inch  steining  of  brickwork.  From  the  depth  of  28  feet 
from  the  surface,  the  steining  is  1 4 inches  thick,  and  bond- 
ing’ curbs  of  iron  occur  at  intervals.  The  boring,  which 
commences  at  a depth  of  180  feet  from  the  surface,  is  con- 
tinued for  220  feet,  and  is  of  a diameter  of  12  inches.  The 
water  rises  in  the  well  36  feet  from  the  bottom,  or  to  a 
height  of  44  feet  from  the  surface  of  the  ground.  The 
well-work  was  executed  by  Mr.  Paten,  of  Watford ; the 
Pump-work  and  engines  were  made  by  Messrs.  Bury,  Curtis, 
and  Kennedy,  of  Liverpool.  The  ground  passed  through  in 
the  execution  of  this  well  was  as  follows : 


Artesian  Well  at  Camden  Station. 


Strata  Traversed. 


Made  ground 


9 feet. 
6 „ 

3 „ 

144  „ 
36  „ 


Loam  and  gravel  . 


Black  earth  . 
Blue  clay 


Mottled  clay  . 


Carried  forward 


198  feet. 
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Brought  forward 


198  feet. 


Green  sand  . 
Pebbles  . 


1 „ 
2 „ 
8 „ 
17  „ 
5 „ 
2 „ 
1 „ 
166  ,, 


Mottled  clay  . 
Plastic  clay  . 
Loam  and  sand 


Pebbles  and  sand 


Bed  of  flints  . 
Chalk  . 


Total  depth 


400 


The  boring-pipes  are  continued  60  feet  up  the  well,  the 
water  being  admitted  from  them  by  a sluice,  which  is  situated 
about  4 feet  from  the  bottom  of  the  shaft.  This  sluice  is 
worked  by  a handle  placed  above  the  water-level ; the  pipes 
themselves  are  steadied  by  stays,  which  are  secured  to  the 
brickwork  of  the  well. 

Secondly : the  pumps  are  in  two  pairs,  each  consisting  of 
a lifting-pump  for  the  lower,  and  a plunger-pump  for  the 
upper  lift.  This  arrangement  of  four  pumps  is  used  to 
insure  uniformity  of  motion,  for  the  steam  engine  being 
double-acting,  that  is,  giving  out  as  much  power  during 
the  up  as  the  down  stroke  of  the  piston,  requires  an  equal 
resistance  for  each  stroke.  The  lifting-pumps  empty  their 
water  into  a wrought-iron  cistern,  which  is  about  4 feet 
deep  and  3 feet  2 inches  over,  the  back  of  it  being  curved 
to  suit  that  of  the  well ; the  plan  of  the  cistern  being  that 
of  a sector.  The  suction-pipes  of  the  plunger-pumps  are 
inserted  into  this  cistern ; the  plungers  are  8 inches  diameter, 
and  the  buckets  of  the  lifting-pumps,  8£".  The  rising 
mains  of  the  latter  are  1 1 inches  diameter ; the  mains  of 
the  plunger-pumps  are  of  course  smaller,  the  working  parts 
of  the  pumps  being  outside,  and  not  surrounded  by  the 
mains,  as  the  lifting  buckets  are.  For  the  same  reason, 
only  one  main  is  required  for  the  plunger-pumps ; at  the 
bottom  of  this  is  situated  an  air  vessel,  which  is  an  appara- 
tus whereby  a constantly  uniform  stream  of  water  flows 
from  the  main  ; its  construction  is  very  simple.  It  may  be 
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described  as  a vessel  larger  than  tlio  rising  main,  and  into 
which,  through  an  air-tight  opening  at  the  upper  end,  the 
main  dips  so  as  nearly  to  touch  the  bottom  of  the  vessel ; 
water  from  the  pumps  being  injected  into  this  vessel  will 
compress  the  air  included  in  the  space  between  the  orifice 
of  the  main  and  the  upper  part  of  the  vessel ; the  elasticity 
of  this  compressed  air  will  therefore  continue  to  drive  the 
water  which  has  risen  above  the  orifice  up  the  main  during 
the  interval  that  the  pumps  are  stationary,  which  is  at  the 
period  of  the  change  of  stroke. 

Thirdly  : the  motive  power  for  working  the  pumps  con- 
sists of  a high-pressure  beam  engine  of  the  usual  construc- 
tion, which,  as  before  remarked,  performs  other  work  as 
weh  as  pumping.  This  engine  is  of  27  horse-power.  The 
power  required  for  raising  the  water  can  be  determined  by 
any  one,  as  all  the  data  are  here  given  for  the  calculation, 
it  being  borne  in  mind  that  the  cistern  into  which  the 
watei  is  forced  is  40  feet  above  the  surface  of  the  ground. 
The  steam  engine  has  a 4-feet  stroke,  and  the  motion  of 
the  pumps  being  taken  off  the  beam,  at  points  respectively 
midway  between  the  centre  of  the  beam  and  the  two  ends, 
gives  as  the  stroke  of  the  pumps  2 feet.  The  speed  at 
which  the  engine  travelled  when  the  author  visited  the 
works  was  twenty-one  revolutions  per  minute.  The  dupli- 
cate boilers  for  this  engine  are  of  the  Cornish  description  ; 
they  are  5 feet  10  inches  diameter,  and  22  feet  long; 
sufficient  steam  is  generated  by  one  of  them  working 
singly?  the  other  is  kept  as  a reserve.  The  strength  of  the 
spring  was  tested  when  the  works  were  completed,  and  the 
following  was  the  result.  The  engine  began  to  work  at 
nine  o’clock  in  the  morning,  and  by  continual  pumping  till 
twelve,  lowered  the  water  1 1 feet  6 inches  ; by  three  o’clock, 
the  engine  still  working,  the  water  was  lowered  6 inches 
more ; at  that  point  no  further  diminution  was  remarked. 
The  water  is  remarkably  soft,  and  for  domestic  purposes  is 
excellent,  but  it  does  not  answer  for  supplying  the  boilers 
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of  locomotive  engines.  Annexed  is  an  analysis  of  the  water 
of  the  well  under  consideration,  as  also  of  that  drawn  from 
the  wells  belonging  to  the  Railway  Company  at  the  Watford 
and  Tring  Stations  : all  these  are  sunk  in  the  chalk  forma- 
tion, yet  a great  difference  exists  in  the  constituents  of  the 
impurities  of  the  water.  The  analysis  in  all  cases  was 
made  by  R.  Phillips,  Esq. 


Situation. 

Sulphate  Soda. 

Carbonate  Soda. 

Muriate  Soda. 

Carbonaceous 
Matter  and  Trace 
of  Silica. 

Sulphate  Lime. 

Carbonate  Lime. 

i 

Total  Solid 
Matter. 

Camden 

13-00 

17-60 

11-10 

2-30 

• • 

• • 

Grains. 

44-00 

Watford  . 

• 1 

• i 

1-90 

1-32 

•94 

19*54 

23-70 

Tring 

• • 

• t 

1-38 

1-61 

1-09 

14-72 

18-80 

The  quantity  of  water  experimented  upon  in  the  above 
analysis  was  one  gallon  in  each  case.  The  above  particulars 
of  the  Camden  well  were  obtained  by  the  kindness  of  R.  B. 
Dockray,  Escp,  C.E.,  through  the  means  of  documents  in 
the  Engineer’s  Office,  Euston  Station,  and  from  personal 
examination  of  the  pump- work,  &c.,  in  the  well  itself. 

Well  at  the  Hanwell  Lunatic  Asylum. 

This  work,  which  was  executed  a few  years  since,  is 
remarkable  on  account  of  the  height  to  which  the  water 
rises ; indeed,  the  district  is  well  suited  for  a purely 
Artesian  well,  and  in  this  case  it  is  quite  evident  that,  had 
the  well  been  entirely  bored,  the  same  amount  of  water 
would  have  been  obtained,  deducting  the  retarding 
action  caused  by  the  friction  of  the  water  against  the  sides 
of  the  bore-pipe.  In  the  “ Sixty-eighth  Report  of  the 
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Visiting  Justices  of  the  County  Lunatic  Asylum  at  Hanwell” 
is  a notice  of  this  well,  from  which  the  following  is  com- 
piled. The  section  of  the  ground  passed  through  is  as 
follows. 


Strata  Traversed. 

Vegetable  soil,  sand,  and  gravel  . 

Blue  clay,  with  some  brick  clay  on  the  top, 
and  veins  of  stone  occurring  at  intervals  . 
Indurated  mud  and  sand  . . . . 

Pebbles  and  shells 

Mottled  clay  ...... 

Sand  and  water 

Mottled  clay 

Indurated  sand  and  mud  . . . . 

Clay  ........ 

Green-sand  and  clay 

Bed  of  hard  oyster  shells  .... 

Pebbles 

Flint  stones  bored  into  . . . . 


Feet, 

20 

168 

22 

2 

23 

2 

13 

9 

8 

8 

H 

8 


Total  depth  . . . 290 

In  sinking  this  well,  the  shaft  was  carried  down  for  the 
first  30  feet  of  a diameter  of  10  feet ; from  that  point  the 
diameter  was  6 feet  to  that  part  of  the  mottled  clay  in 
which  the  iron  cylinders  were  affixed.  The  cylinders  were 
then  lined  with  a brick  steining,  and  the  boring  was  con- 
tinued from  thence  to  the  bed  of  flints  in  which  the  work 
was  discontinued.  The  supply  of  water  from  the  sand- 
spring rose  to  within  16  feet  of  the  surface  of  the  ground; 
from  the  pebbles  overlying  the  flints,  the  water  rose  to  a 
further  height  of  8 feet,  and  from  the  bed  of  saturated 
flint  stones,  the  water  rose  so  as  to  overflow  the  surface  at 
the  rate  of  100  gallons  per  minute  ; and,  26  feet  above  tho 
surface,  the  water  overflowed  at  the  rate  of  23  gallons 
per  minute.  The  supply  proving  so  great,  the  large 
diameter  of  the  first  30  feet  of  well  was  found  useless,  and 
a rising  main  of  iron  was  fitted  to  a cap  which  was  inserted 
at  that  part  of  it  where  the  6-feet  diameter  commenced. 
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Tlie  temperature  of  the  water  is  about  55°  Fahrenheit,  and 
contains  in  each  gallon  48  grains  of  solid  matter,  consisting 
of  salts  of  lime  and  soda,  with  a trace  of  iron. 

Messrs.  Verey's  Well,  Kilburn. 

This  work  was  executed  under  the  superintendence  of 
the  late  Mr.  J.  G.  Swindell  about  the  year  1848:  the 
diameter  in  the  clear  for  250  feet  in  depth  is  4 feet : after 
that,  boring  commences,  and  is  carried  down  to  the  sand- 
spring of  a diameter  of  8 inches,  and  to  a total  depth  from 
the  surface  of  about  280  feet.  The  rise  of  water  is  to 
about  150  feet,  or  rather  less,  from  the  surface.  The 
original  intention  in  sinking  this  well  was  to  have  bored 
after  attaining  a depth  of  200  feet  (the  water-level  being 
well  known  in  this  district) ; but  had  such  intention  been 
persevered  in,  fears  were  entertained  that  the  50  feet  of 
water  in  the  well,  being  only  the  upper  head  of  the  spring, 
would  be  insufficient  to  supply  the  wants  of  the  brewery : 
the  extra  50  feet  of  digging  were  therefore  ultimately 
determined  on,  and  the  experiment  detailed  in  the  follow- 
ing pages  proves  the  view  taken  to  have  been  correct ; for 
if  pumps  be  fixed  at  too  high  a level  above  the  spring,  the 
hydrostatic  pressure  of  water  is  insufficient  to  cause  the 
water  to  rise  in  the  well  fast  enough  to  supply  the  pumps, 
even  should  they  be  small  ones.  The  works  were  com- 
menced in  April,  1848,  and  for  the  first  1 0 feet  the  brickwork 
was  in  cement  9 inches  thick,  to  exclude  land-springs  from 
the  well : about  25  feet  were  executed  the  first  week,  and 
after  that  the  work  averaged  about  20  feet  to  the  week, 
some  weeks  a little  more,  some  a little  less ; the  stiffness 
of  the  clay  and  the  claystones,  or  septaria,  which  were 
found  at  intervals,  affecting  the  speed  of  the  work. 
The  London  or  blue  clay,  which  was  soon  arrived  at, 
extended  to  a depth  of  235  feet, — the  mottled  clay,  pebbles 
and  sand  followed  much  in  the  order  of  the  sections  before 
given, — while  in  the  mottled  clay  the  steining  was  not  left 
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unsupported  with  such  impunity  as  in  the  blue  clay  : it  is 
of  a more  soapy  or  slimy  nature,  and  exposure  to  the  air, 
together  with  these  properties,  renders  it  more  likely  to 
allow  the  brickwork  to  slip.  On  the  execution  of  the 
steining  it  is  only  necessary  to  remark  that  the  work  was 
laid  partly  in  cement  and  partly  dry,  and  of  a thickness  of 
H inches.  The  cement  used  was  blue  lias  (Greave’s 
patent),  and  the  bricks  partly  stocks  and  partly  malm 
paviours.  The  cement  was  used  stale  and  mixed  thin,  since 
otherwise  it  would  have  become  partially  set  in  being  con- 
voyed  down  the  shaft  to  the  workmen,  as,  when  near  the 
full  depth,  the  time  of  journey  down  the  well  was  nearly 
of  three  minutes  duration. The  boring  pipes  were  of 
wrought-iron,  the  lower  lengths  perforated,  the  junctions 
being  tinned  in  the  usual  manner.  On  obtaining  the  water, 
the  quantity  was  tested  by  the  aid  of  a temporary  pump, 
the  application  of  which  is  also  useful  in  clearing  the  work," 
and  ascertaining  if  any  sand  has  blown  into  the  well : this 
pump  was  an  ordinary  lifting  pump  of  6 inches  diameter, 
and  working  with  a stroke  in  the  barrel  of  about  9 inches  ; 
the  rising  main  was  bolted  directly  over  the  pump-barrel’ 
which  by  it  was  thus  suspended  in  the  water ; the  main,  on 
its  passage  up  the  well,  was  steadied  by  timbers  ; the  rods 
worked  by  this  arrangement  in  the  rising  main,  and  were 
carried  to  the  top  of  the  well,  where  motion  was  given  to 
them  by  eight  men : the  result  of  the  experiment  was,  that 
the  pump,  which  threw  about  24  gallons  per  minute, 


TTJ?  ?Sing  CGment  d6SCrib0d  in  the  text  is  so  con- 
tradictory  to  all  the  laws  affecting  that  class  of  materials  that  it  is  not 

poss^le  t°  protest  against  it  too  strongly.  In  such  a case  as  this  if 

it  had  been  necessary  to  mix  the  mortar,  or  cement,  above  ground 

the  proper  material  to  have  been  employed  would  have  been  blue  lias 

or  some  hydraulic  lime  whose  rate  of  setting  would  have  been 

affluently  s ow.  Mortar  made  with  an  excess  of  water  loses  nearly 

all  its  valuable  qualities;  when  used  stale  it  is  also  inferior  to  that 

ta  *Ch  “ fresh  ’ and  the  same  remarks  apply,  with  even  greater  impor- 
tance, to  every  description  of  cement. — G.  R.  B.  b 
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lowered  the  water  about  33  feet,  but  no  further,  thus 
proving  the  strength  of  the  spring  when  a head  of  33  feet 
of  water  was  taken  otf.  Here  the  advantage  of  drawing 
the  water  from  a point  under  its  surface,  as  far  as  practic- 
able, is  made  manifest ; indeed,  the  question  is  one  turning 
on  a law  of  hydrostatics,  well  known  and  easily  calculated. 
The  pumps  were  executed  by  another  party,  and  it  may 
suffice  to  say  that  they  are  of  the  description  technically 
called  three-throw  pumps,  and  very  good  of  their  kind. 
The  cost  of  executing  this  well,  exclusive  of  the  pumpwork, 
both  temporary  and  permanent,  was  about  £200. 

Well  at  Hampstead  Heath , belonging  to  the  Hampstead  Water 

Company. 

This  well  was  sunk  in  the  year  1833,  down  to  the  main 
sand-spring,  a depth  of  about  320  feet,  and  of  a diameter 
of  seven  feet.  Subsequently,  as  a rather  greater  supply  of 
water  was  desired,  a bore  was  carried  into  the  chalk.  The 
steining  of  the  well  is  9-inch  work,  laid  dry,  between  rings 
set  in  cement ; the  back  steining  has  its  cement  rings  mid- 
way between  those  of  the  front  steining.  The  lower  part 
of  the  steining  is  held  up  by  four  tie-rods,  which  are  bolted 
to  a cast-iron  curb  lot  into  the  brickwork  some  distance  up 
the  shaft.  The  section  of  the  ground  passed  through 
during  the  two  operations  of  digging  and  boring  is  given 
below.  The  situation  is  on  the  lower  Heath,  where  the 


Bagshot  sands  are  wanting. 

Yellow  clay 

. 30  feet. 

Blue  clay 

. 259 

>1 

Plastic  clay 

40 

> ) 

Sand 

49 

) 1 

Bed  of  flints,  very  thin,  chalk  hard 

. 40 

J J 

,,  ,,  soft,  with  water 

. 4 

> 5 

Chalk  hard,  no  water 

28 

yy 

From  this  section  it  will  be  seen,  that  after  passing  the 
chalk  spring,  the  hard  chalk  underlying  it  supplied  no 
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water,  thus  proving  that  in  sinking  wells  in  this  formation, 
when  it  is  very  hard,  no  water  can  be  expected  till  long 
lines  of  flints,  fissures,  or  softer  chalk,  are  arrived  at.  Mr. 
Hakewell,  the  Engineer  under  whose  orders  this  boring 
was  executed,  paid  particular  attention  to  the  conditions  of 
the  supply  from  the  chalk,  and  the  fact  that  no  water  was 
furnished  by  the  hard  bed  under  the  spring  influenced  his 
proceedings  in  the  execution  of  the  well  at  Kentish  Town. 
The  water  is  raised  in  this  well  by  means  of  three  lifting 
pumps,  situated  at  different  heights  up  the  shaft.  Each 
lift  averages  about  100  feet,  and  the  sizes  of  the  pumps  are 
8|"  diameter  of  bucket,  by  a length  of  stroke  of  2 feet 
3 inches  ; the  lowest  pump  is  slung  in  the  water  by  having 
its  rising  main,  which  is  of  larger  diameter  than  the  bucket, 
secured  by  flanches  and  bolts  to  cast-iron  girders,  arranged 
for  that  purpose  in  the  well,  where  the  two  lower  lifts 
terminate.  The  pump-rods  pass  through  stuffing-boxes 
from  inside  the  rising  main.  The  cisterns,  from  which  the 
second  lift  draws  from  the  first,  and  the  third  from  the 
second,  are  very  small,  being  only  branched  from  the 
rising  main,  and  in  capacity  but  little  larger  in  diameter 
than  the  pump-barrel,  just  in  fact  sufficient  to  hold  a 
supply  for  the  higher  lift.  The  rods,  when  inside  the 
mains,  are  steadied  by  triangular  guiding  pieces  encircling 
them,  and,  where  outside  the  mains,  they  pass  through 
wooden  cleats,  which  are  secured  to  cast-iron  girders. 
Situated  at  the  top  of  the  well  is  a cast-iron  framing, 
with  upright  guides.  Between  these  guides  work  cast- 
iion  wheels ; to  the  axle  of  these  wheels  the  pump-rods, 
and  also  the  connecting  rods  from  the  cranks,  are  attached’; 
thus,  though  the  tendency  of  the  crank  in  its  revolution  is 
to  pull  the  rods  from  a vertical  line,  the  effect  of  the  pulleys 
is  to  keep  their  motion  in  a straight  one. 

Some  important  observations  may  be  made  upon  the 
results  of  the  wells  described  above,  all  of  which  are  sunk 
in  what  is  called  the  London  Basin.  Firstly.  In  the 

E 


case 
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of  the  Camden  Town  well,  the  quality  of  the  waters  is  such 
as  to  show  that  the  whole  supply  is  furnished  by  the  loam 
and  sands  of  the  basement  beds  of  the  London  clay.  The 
boring’  in  the  chalk,  under  these  circumstances,  was  worse 
than  useless,  for  it  only  let  the  water  from  the  sands  into  a 
part  of  the  subjacent  formation,  which  was  likely  to  be 
more  absorbent  than  the  surface,  because  at  the  junction 
of  any  two  strata  there  usually  exists  a layer  of  silt  or  clay 
which  renders  the  escape  of  water  from  the  upper  to  the 
lower  rather  difficult.  This  well  may  be  considered  as 
having  been  carried  down  166  feet  deeper  than  was 
necessary. 

Secondly,  In  the  chalk  itself  there  does  not  appear  to  be 
any  other  indication  of  the  flow  of  water  sufficient  to  guide 
the  operations  of  the  Engineer,  than  what  is  furnished  by  the 
materials  traversed.  The  water  circulates  through  it  piin- 
cipally  along  the  lines  of  fissures,  and  not  by  general 
permeation  of  the  whole  mass,  owing  to  its  general  porous 
nature  and  its  close  texture.  It  happens,  however,  especi- 
ally when  it  underlies  some  impervious  stratum,  that  the 
body  of  the  chalk  itself  is  saturated  with  water,  and  a 
portion  is  left  free  to  circulate  upon  any  retentive  layer 
which  may  exist  within  it.  The  layers  of  Hint,  which  some- 
times occur  in  regular  stratification  over  large  areas,  serve 
to  hold  up  this  free  portion  in  the  upper  or  soft  chalk;  and 
it  therefore  must  be  upon  the  top  of  these  layers  that  we 
must  seek  for  a supply  to  a well  sunk  in  this  formation, 
unless  any  water-bearing  fissure  be  traversed.  In  the 
lower  members  of  the  series,  the  comparatively  speaking 
impervious  beds  of  the  chalk  marl  perform  the  same  func- 
tion of  water-bearing  strata  that  the  beds  of  flint  do  in  the 

wells  hitherto  sunk  near  London. 

The  very  remarkable  work,  by  Mr.  J.  Prestwick,  upon 
the  “ Water-bearing  Strata  of  London,”  should  be  in  the 
hands  of  every  person  who  desires  to  become  acquainted 
with  this  branch  of  Engineering. 
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Well  at  Fort  Regent,  Jersey. 

This  work  lias  been  described  by  Major  H.  D.  Jones, 
R.E.,  in  the  “ Professional  Papers  of  the  Corps  of  Royal 
Engineers.”  The  following  quotation  from  parts  of  his 
description  will  no  doubt  be  acceptable  to  the  reader : — 
“Port  Regent  was  constructed  during  the  late  war  between 
Great  Britain  and  France.  The  works  were  commenced 
about  the  year  1806.  The  fort  is  erected  upon  the  Town 
Hill,  a bold  promontory  to  the  south  of  the  town  of  St. 
Helier,  which  it  commands  most  completely,  the  town 
being  built  at  the  foot  of  the  rock.  The  summit  of  the 
hill  was  above  170  feet  above  the  level  of  high  water.  In 
its  character  it  very  much  resembles  Gibraltar,  a bold  rocky 
feature,  rising  abruptly  from  the  sea,  and  having  scarcely 
any  perceptible  connexion  with  the  hills  to  the  northward 
and  eastward,  which  encircle  the  town  in  those  directions. 
The  South  Hill  is  formed  of  compact  syenite,  weighing 
165  lbs.  per  cubic  foot.  The  rock  is  stratiform,  with 
vertical  joints;  the  general  direction  is  east  and  west. 
There  were  no  springs  upon  the  surface  of  the  hill,  nor 
anything  indicating  on  the  face  of  the  scarped  rock  that  it 
contained  such  an  abundant  supply  of  water ; it  must, 
consequently,  have  been  upon  the  conviction  that  water 
would  be  found  by  sinking  to  the  same  level  as  the  water 
stood  at  the  Pigeon  Pump,  in  Hill  Street  (240  yards  distant 
from  the  point  where  the  well  in  the  fort  has  been  sunk), 
that  Major  Humphry,  the  commanding  Engineer,  was  in- 
duced to  recommend  the  attempt  being  made.  The  opera- 
tion, although  it  cost  much  time,  labour,  and  expense,  has 
been  most  completely  successful.  After  sinking  through 
234  feet  of  compact  rock,  and  upon  firing  a blast,  the 
spring  was  laid  open,  the  water  from  which  immediately 
rose  in  the  shaft  to  a height  of  70  feet,  and  has  rarely 
since  been  lower.  During  the  progress  of  the  work,  water 
had  been  found  at  different  points,  but  not  in  any  quantity 
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sufficient  to  retard  the  workmen,  until  the  lucky  blast  above 
mentioned,  when  it  poured  in  like  a torrent,  to  the  great 
astonishment  of  the  miners  who  were  suspended  in  the 
bucket,  waiting  the  effects  of  the  explosion.”  The  tem- 
perature of  the  water  in  this  well  is  50°  Fahrenheit. 
Some  further  memoranda  from  the  same  source  are : — 
“The  following  details,  extracted  from  the  office  books, 
will  afford  some  idea  of  the  difficulty  of  the  operation,  and 
the  time  and  labour  consumed  in  sinking  the  well.  The 
work  was  commenced  in  December,  1806,  and  continued 
night  and  day  until  November,  1808, 


Commenced  1806. 

Number  of 
Miners 
per  month. 

Feet  sunk  per 
month. 

Price  paid  per 
foot. 

December  . 

14 

13 

Livres. 

GO 

1807. 

January 

12 

72 

February 

12 

3 

96 

March  .... 

12 

9 

108 

April  .... 

— 

— 

— 

May  .... 

12 

5 

120 

June  .... 

12 

11 

10S 

July  . 

12 

H 

108 

August 

12 

10^ 

111 

September  . 

12 

10 

108 

October 

12 

H 

108 

November  . 

12 

9 

108 

December 

12 

9 

10S 

1808. 

January 

12 

H 

108 

Februarv 

12 

7*- 

108 

March  .... 

12 

m 

108 

April  .... 

12 

9 

108 

May  .... 

12 

12i 

108 

J une  .... 

12 

13 

108 

J uly  .... 

12 

10 

108 

August 

12 

m 

108 

September  . 

12 

n 

108 

October 

12 

9 

10S 

Average  cost,  10s.  per  foot. — Total  expense,  £2  599  8s.  T^d. 
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“ There  were  expended,  during-  the  progress  of  the  work, 
of  the  following  articles,  the  undermentioned  quantities 
viz.  : — 


Candles 
Coals  . 
Gunpowder  . 
Lamp  oil 
Miners’  tubes 


976  lbs. 
1,659  bushels. 
2,848  lbs. 

82  gallons. 
9,852. 


“ There  are  two  cisterns  capable  of  holding  8 000  gallons 
each.  The  water  is  pumped  into  them  by  machinery,  to  be 
worked  either  by  horses  or  men,  the  same  machinery  being- 
applicable  to  the  working  of  a bucket  in  case  the  pump 
should  be  out  of  order.  The  pump  is  four  inches  diameter, 
with  brass  bucket  and  valves,  with  195  feet  of  wrought-iron 
rod,  jointed  every  ten  feet,  and  eighteen  10-feet  lengths  of 
51-inch  iron  pipe.  Cost  £495  15s. 

The  machinery  for  working  a bucket  from  the  horse- 
wheel,  independent  of  the  pump,  consisting  of  a barrel  on 
the  horizontal  shaft,  with  clutch-box,  lever,  and  pulleys  for 
leading  the  ropes,  cost  about  £35.  The  total  expense, 
including  the  labour  in  fixing  machinery  or  incidental  ex- 
penses, amounting  to  £667  15s.  Thus,  for  a sum  little 
exceeding  £3  000,  there  is  obtained  for  the  garrison  an 
inexhaustible  supply  of  excellent  water.  Twenty-four  men, 
woiking  for  two  hours,  without  fatiguing  themselves,  can 
with  ease  pump  into  the  cisterns  800  gallons  of  water.” 


Artesian  Well  at  Grenelle. 

This  well  was  sunk  at  the  expense  of  the  town  of  Paris, 
for  the  purpose  of  supplying  the  abattoir,  and  the  district 
or  quarter  of  Grenelle,  under  the  directions  of  M.  Mulot. 

At  St.  Ouen  and  St.  Denis,  near  Paris,  Artesian  wells 
had  already  been  sunk  through  the  tertiary  formations, 
until  they  reached  the  sands  which  lie  upon  the  chalk ; and 
a copious  supply  had  been  obtained  from  them.  But  at 
Grenelle  it  was  known  that  so  great  a difference  existed  in 
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the  geological  structure  of  these  formations,  that  it  became 
necessary  to  resort  to  some  other  source.  The  “ calcaire 
grossier,”  in  fact,  of  the  more  northerly  parts  of  Paris  is 
replaced  at  Grenelle  by  a series  of  marls  and  clays,  which 
do  not  allow  the  free  passage  of  the  subterranean  sheet 
of  water.  M.  Mulot,  then,  reasoning  upon  the  results 
obtained  by  the  wells  at  Elboeuf  and  Pouen,  considered 
that  it  would  be  necessary  to  traverse  the  chalk  formation 
itself,  and  to  obtain  a supply  from  the  lower  green-sands. 
At  Elboeuf,  where  the  ground  is  about  27  feet  above  the 
sea,  the  water  rose  to  about  82  feet  above  the  ground,  or 
109  feet  above  the  sea.  As  the  plain  of  Grenelle  is  104 
feet  above  that  level,  M.  Mulot  thought,  very  correctly, 
that  if  he  reached  the  same  sheet,  the  water  would  neces- 
sarily flow  over  the  surface.  MM.  Arago  and  AValferdin, 
who  brought  to  M.  Mulot’ s assistance  the  influence  of  their 
scientific  knowledge  and  their  great  reputation,  found  in 
the  course  of  their  examination  of  the  district  that  the  level 
of  the  green-sands  at  Lusigny,  12  miles  above  Troyes, 
where  the  Seine  leaves  those  formations,  was  nearly  300 
feet  above  that  of  the  plain  of  Grenelle.  The  inference 
they  drew  from  this  fact  was,  that  the  water  would  not 
only  overflow  the  bore-hole,  but  also  rise  to  a very  con- 
siderable height  above  the  ground. 

Upon  these  reasonings  M.  Mulot  commenced  his  work  ; 
and  after  eight  years  of  indefatigable  labour,  in  spite  of  all 
the  accidents  of  the  undertaking  and  the  sneers  of  the 
incredulous,  on  the  26th  of  February,  1841,  his  perse- 
verance was  crowned  with  the  most  signal  success.  The 
depth  attained  at  the  period  of  reaching  water  was  not 
less  than  1 802  feet  from  the  surface,  or  about  1 698  feet 
below  the  level  of  the  sea.  The  strata  traversed  were  as 
follows  : — 
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Drift  gravel,  about  .... 

33  feet. 

Sand,  clays,  lignites,  &c.,  replacing  the 

calcaire  grossier  .... 

ICO  „ 

Fragments  of  chalk  in  a species  of 

clay 

16i  „ 

Chalk 

1 378  „ 

Chalk  marl 

88*  „ 

Gault  clay  and  green-sands  . 

186  „ 

Total 

1 802  feet. 

When  the  water  rose  to  the  surface,  it  was  ascertained 
to  be  of  a temperature  of  81 0>  81  Fahrenheit ; and  it  remains 
of  that  degree  to  the  present  day.  M.  Walferdin,  who 
watched  the  progress  of  the  work  with  great  interest,  made 
a series  of  observations  to  ascertain  the  law  of  increase  of 
temperature  at  great  depths.  He  found  that  at  Paris  the 
thermometer  remained  constantly  at  53o-06  Fahrenheit  in 
the  cellars  of  the  Observatory,  which  are  94  feet  below  the 
surface:  in  the  chalk,  at  1819  feet  from  the  surface,  it 
marked  760,3  ; in  the  gault,  at  1 657  feet,  it  marked  790-61 ; 
thus  showing  that  in  the  depth  of  1 553  feet  the  increase  of 
temperature  was  260,55,  or  about  l0-7  Fahrenheit  for  every 
succeeding  hundred  feet  beyond  the  depth  of  constant 
temperature.  According  to  this  law,  the  temperature  at 
the  depth  of  1 802  feet  from  the  surface  ought  to  have  been 
81°*96  nearly;  and  that  of  the  waters,  stated  above  to  be 
810-81,  is  a striking  illustration  of  the  beauty  and  correct- 
ness of  the  inductive  reasoning  followed  by  M.  Walferdin. 

Amongst  the  numerous  difficulties  attending  a work  of 
this  kind,  those  arising  from  the  rupture  or  fall  of  the 
boring-tools  were  the  most  dangerous.  Thus,  when  a 
depth  of  1 250  feet  had  been  reached,  a length  of  about 
270  feet  of  the  rods  fell  to  the  bottom,  and  broke  into 
several  pieces.  It  required  all  the  ingenuity  of  M.  Mulot, 
and  not  less  than  15  months’  labour,  to  remove  the  frag- 
ments, one  by  one,  by  the  aid  of  a screw-tap,  which  was 
made  to  fit  upon  the  ends  of  the  rods.  In  April,  1840,  a 
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chisel  fell  to  the  bottom,  and  buried  itself  in  the  solid 
chalk.  In  this  case  it  became  necessary  to  clear  away  all 
round  the  tool,  and  to  raise  it  by  the  same  means  as  before. 
About  three  months  before  the  water-bearing  stratum  was 
reached,  a shell  also  fell  to  the  bottom  : M.  Mulot  pushed 
this  aside,  and  continued  the  boring  beyond  it. 

Drawings  of  some  of  the  tools  used  by  M . Mulot  are 
added. 

a.  b.  c. 


a , is  the  screw-tap  contrived  for  raising  the  fragments  of  the  rods 
from  the  bore. 

b,  a chisel,  similar  to  the  one  which  fell  to  the  bottom. 

c,  a screwed  plug,  fitting  into  the  tubes,  by  which  these  are  lowered 

to  their  positions. 


The  quantity  of  water  supplied  by  this  well  is  about 
800  COO  gallons  per  day,  rising  to  a height  of  122  feet 
above  the  ground.  The  total  cost  was  about  400  000 
francs.  It  is  to  be  observed  that  even  now  the  rising  pipes 
are  occasionally  choked  with  the  sand  from  below. 


Artesian  Wells  in  the  Valley  of  the  Loire , near  Tours. 

M.  Degousee  mentions  that  he  has  executed  no  less  than 
sixteen  borings  of  this  description  in  the  dejiartment  of  the 
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Inclre  et  Loire,  of  which,  ten  are  in  Tours  itself  and  six  in 
the  neighbourhood;  their  average  depth  is  about  150 
metres,  or  500  feet.  Only  two  of  these  borings  were 
unsuccessful,  viz.,  that  of  Ferrieres  Larson,  and  that  of 
Evres,  situated  in  the  neighbourhood  of  the  outcrop  of  the 
cretaceous  formations,  upon  the  Jurassic  limestone  of  the 


d,  a scoop,  with  ball  clack,  for  removing  wet  sand. 

e,  an  ordinary  shell. 

/,  an  auger  for  enlarging  the  bore  to  place  tubes. 


province  of  Poitou.  All  the  others  furnish  a copious 
supply,  and,  with  the  exception  of  that  of  Marmontier,  the 
water  flows  over  the  surface.  The  waters  of  these  wells 
are  employed  for  many  industrial  purposes,  amongst  which 
the  most  interesting  are  their  adaptation  to  mills  and  irri- 


82 


RUDIMENTARY  TREATISE  ON 


gation.  The  cost  of  these  wells  was  upon  the  average 
about  £ 1 per  foot  lineal  of  descent. 

The  well  at  the  abattoir  of  Tours  passes  through  the 
lower  tertiary  formations  and  the  alluvions  of  the  valley  of 
the  Loire.  The  water  rises  from  the  green-sands,  below 
the  chalk,  which  immediately  succeeds  the  tertiaries ; and 
the  total  depth  of  the  boring  is  146  metres,  or  about  478 
feet.  M.  Degousee  mentions  that  subsequently  to  the  exe- 
cution of  this  boring  under  his  orders,  M.  Mulot  executed 
another  at  the  hospital  in  the  immediate  vicinity,  and  that 
the  yield  of  the  well  of  the  abattoir  has  been  considerably 
diminished  in  consequence. 

The  non-success  of  the  borings  at  Evres  and  Ferrieres  is 
worthy  of  remark,  as  illustrating  the  uncertainty  of  this 
class  of  operations.  At  Evres,  the  chalk  is  covered  by  395 
feet  of  marls,  sands,  and  sandstones  of  the  tertiary  for- 
mations, yielding  water.  The  chalk  is  about  167  feet  thick, 
and  the  clays  and  sands  of  the  subcretaceous  series  are 
traversed  to  a depth  of  66  feet  without  any  water  rising 
from  them.  The  total  depth  of  this  well  is  exactly  191 -66 
metres,  or  628  feet  6 inches.  At  Ferrieres,  the  chalk  was 
met  with  at  30  feet  from  the  surface,  and  traversed  in  a 
thickness  of  219  feet.  The  boring  was  continued  to  an 
additional  depth  of  235  feet,  or  about  454  feet  from  the 
surface  in  the  clays  and  sands  of  the  subcretaceous  forma- 
tions, and  was  continued  about  30  feet  deeper  in  the  marls 
of  the  Jura  limestone  series.  As  both  these  positions  are 
favourably  placed  with  respect  to  the  level  of  the  river 
Creuse,  which  is  supposed  to  feed  the  Artesian  wells  in  the 
Touraine,  the  only  explanation  of  their  unsuccess  must  be 
found  in  the  existence  of  some  fault  by  which  the  flow  of 
the  subterranean  sheet  of  water  is  intercepted. 

Well  near  Calais  ( Department  of  the  Pas  de  Calais). 

This  well  is  another  instance  of  the  uncertain  results  to  be 
met  with  in  the  prosecution  of  deep  borings.  The  bore  was 
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continued  through,  the  chalk,  and  the  whole  range  of  the 
subcretaceous  formations,  into  the  transition  rocks  imme- 
diately underlying  the  green-sands ; but  no  water  was 
met  with, — under  serviceable  conditions  at  least.  Mr. 
Prestwich  gives  the  thickness  of  the  strata  traversed  as 


follows  : — 

Feet. 

Gravel  and  loose  wet  sand 80 

Clays,  sand,  and  pebble  beds  ....  161 

Chalk 762 

Upper  green-sand 3 

Gault ...  24 

Lower  green-sand 17 

Transition  rocks 103 


Total 1 150 


In  this  case,  also,  the  subterranean  stream  is  in  all  proba- 
bility intercepted  by  a fault. 


Well  at  Chichester. 


In  Mr.  Gatehouse’s  well, 

South  Street, 

Chichester 

following  strata  were  traversed : — 

Strata.  Thickness  of  Strata. 

From  ground 

Vegetable  mould 

6 feet. 

Gravel  .... 

16*  „ 

221  feet. 

Red  sand 

? » 

23  „ 

Blue  clays 

60  „ 

83  „ 

Coloured  (mottled)  clays  . 

97  „ 

180  „ 

Chalk  .... 

729  „ . 

900  „ 

Chalk  marl 

61  „ 

970  ,, 

Upper  green-sand 

84  „ 

1054  „ 

The  boring  was  stopped  in  October,  1844,  and  about 
370  feet  in  length  of  the  rod,  and  the  slush-pipe  attached 
to  it,  were  left  in  the  bore  ; nor  has  any  subsequent  attempt 
been  made  to  extract  them.  No  pipes  were  used  in  the  sand. 

The  quantity  of  water  yielded  is  very  small.  One  of  the 
most  remarkable  facts  connected  with  this  well  is,  that 
the  water-line  is  about  18  feet  from  the  surface  of  the 
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ground,  whilst  that  of  the  wells  of  the  same  district, 
supplied  by  infiltration  from  the  superficial  gravel,  is  only 
six  feet  below  the  surface.  The  point  where  the  Arun 
leaves  the  green-sand  formation,  a little  above  Chichester, 
is,  however,  at  a sufficient  elevation  to  have  warranted  the 
expectation  that  the  water  would  have  overflowed. 

The  water  from  this  well  at  present  is  decidedly  chalyb- 
eate, and  has  a very  strong  and  repulsive  taste  and  smell 
of  sulphuretted  hydrogen  ; its  temperature  is  not  such  as 
to  indicate  that  it  rises  from  the  green-sand. 

Well  at  Southampton,  on  the  Common. 

This  well  was  commenced  upon  a report  made  by  Mr. 
Clark,  of  Tottenham,  to  the  effect  that  a copious  supply  of 
water  would  be  obtained  from  the  chalk  in  the  position  of  an 
experimental  boring  made  by  that  contractor.  The  Town 
Council  very  unfairly,  and,  as  circumstances  .proved,  very 
unwisely,  did  not  employ  Mr.  Clark  to  carry  out  the  plan 
he  suggested,  but  entered  into  a contract  with  a party 
in  the  town,  who,  as  might  have  been  anticipated,  failed, 
and  left  the  work  to  be  completed  by  his  sureties.  The 
latter  carried  a well  through  the  sands,  clays,  and  mottled 
clays  of  the  Hampshire  tertiaries,  into  the  chalk,  to  a 
depth  of  560  feet  from  the  surface  of  the  ground,  and 
about  106  feet  into  the  chalk;  a boring  was  then  com- 
menced, and  after  a period  of  fifteen  years  from  the  date 
of  obtaining  the  Act  of  Parliament  for  these  works,  and  a 
positive  expense  to  the  ratepayers  of  about  £13  000,  the 
work  has  lately  been  abandoned  when  a depth  of  not 
less  than  1 317  feet  had  been  attained.  As  a question  of 
abstract  science  this  is  to  be  regretted  ; because  the  solution 
of  the  question  of  the  possibility  of  obtaining  a supply  by 
means  of  Artesian  wells  from  below  the  chalk  is  very 
desirable,  and  it  might  be  attained  in  this  case  with  com- 
parative ease.  But  the  arguments  brought  forward  by 
Mr.  Ranger  appear  to  be  sufficiently  cogent  to  justify 
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the  discontinuance  of  the  experiment  at  the  expense  of  the 
town.  Public  money  should  never  be  expended,  in  fact, 
unless  with  a certainty  of  attaining  the  end  proposed  ; it 
should  never  be  employed  in  carrying  out  theoretical  views 
or  for  the  attainment  of  what  may  be  called  hypothetical, 
or  eventual,  advantages.  It  is  to  be  hoped  that  some 
scientific  body,  or  some  lovers  of  science,  may  take  up  this 
question  in  its  present  state. 

The  strata  traversed  may  be  briefly  described  as  con- 
sisting of  the  following  materials,  viz.  : — 

A series  of  sands  and  clay s,  with  beds  of  loam 
intercalated,  which  appear  to  represent 
the  Bagshot  sand  formations  of  the 
London  basin ; in  thickness  ...  90  feet. 

Clay  with  lignite,  shell  limestone,  pebbles,  and 

sand  of  the  tertiary  formations  . . 261 J ,, 

Mottled  clays  and  sands ; the  basement  beds 

of  the  tertiaries 82^,, 

Chalk,  with  flints 851  ,, 

Chalk  marl,  as  far  as  boring  has  proceeded  . 12b  ,, 

These  dimensions,  however,  are  only  approximations,  be- 
cause it  is  almost  impossible  to  say  that  the  precise  limits 
of  either  the  great  tertiary  clay,  or  of  the  chalk  marl,  can 
be  clearly  defined. 

Pecent  analysis  of  the  water  of  this  well  shows  that  there 
is  present  in  it  a very  large  proportion  of  common  salt  in 
solution.  If  this  be  found  to  be  the  normal  condition, 
it  would  lead  to  the  conclusion  that  there  is  an  under- 
ground communication  with  the  sea,  although  the  height 
to  which  the  water  rises  (viz.,  100  feet  above  the  latter) 
proves  that  it  can  only  exist  by  infiltration  through  the 
pores  of  the  chalk. 

d.)  test  an  Well  at  Novtham,  near  Southampton. 

In  the  lower  part  of  the  town  of  Southampton  there  are 
four  wells,  supplied  by  the  waters  rising  from  the  lower 
members  of  the  tertiary  series.  Two  of  these  are  in  the 
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Docks,  one  in  the  Railway  Station,  and  one  at  Northam 
was  sunk  by  the  Town  for  the  supply  of  the  inhabitants. 

The  wells  of  the  Docks  and  of  the  Railway  Station  vary 
from  220  to  about  240  feet,  and  being  very  close  together, 
they  have  produced  a reaction,  which  has  materially 
affected  the  quantity  they  respectively  jdeld.  The  Nor- 
tham well,  however,  is  much  deeper  ; for  the  bottom,  still 
in  the  blue  clay,  is  at  375  feet  6 inches  from  the  surface, 
although  the  Dock  and  Railway  wells  derive  their  supplies 
apparently  from  the  sands  lying  between  the  clay  and 
the  chalk.  It  would  be  fair  to  assume  from  this  fact  of 
the  difference  in  the  thickness  of  the  strata,  that  the  Nor- 
tham well  is  situated  upon  a species  of  gully  or  depression 
of  the  chalk. 

Artesian  Well  at  the  Caledonian  Hoad,  London. 

The  rates  accepted  for  sinking  a 6-foot  shaft,  were  for 
each  depth  of  30  feet,  thus: — 1st,  £67  10s.;  2nd,  £57; 
3rd,  £58  10s.;  4th,  £60  10s.;  5th,  £61  10s.;  6th, 
£67  10s.  The  following  were  rates  per  foot: — For  lO-^" 
boring  and  fixing  pipes,  £2  2s.  ; for  71"  boring  in  chalk, 
£1  7s.  ; for  perforated  copper  pipes  fixed,  10s.  2d. 

In  commencing  the  work  five  men  were  employed,  who 
made  an  excavation  9'  6"  diameter,  which  was  to  allow 
space  for  the  finished  shaft  to  be  6'  0"  in  the  clear,  with  the 
9-inch  steining,  and  12  inches  of  puddle  at  the  back,  for 
more  effectually  excluding  the  land-springs.  This  exca- 
vation was  carried  down  to  the  depth  of  10  feet.  The 
9-inch  steining  in  cement  and  the  puddle  were  then  com- 
menced, and  completed  to  the  surface.  The  stratum  of 
clay  at  this  depth  was  so  solid,  that  it  was  considered  that 
the  puddle  might  be  dispensed  with ; an  excavation  only 
7 feet  6 inches  in  diameter,  and  5 feet  deep,  was  therefore 
made,  and  the  back  steining  only,  of  half  a brick  in  thick- 
ness, completed  in  cement.  Similar  excavations  of  five  feet 
in  depth  were  made  in  succession,  the  back  steining  alone 
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in  each  case  being  completed,  until  the  solid  mass  of  Lon- 
don blue  clay  was  found,  at  the  depth  of  30  feet  from  the 
surface.  The  inner  steining  was  then  brought  up  in 
cement,  so  as  to  underpin  the  first  portion  which  had  been 
completed.  The  land-springs  were  found  to  be  effectually 
excluded,  and  the  work  then  proceeded  in  all  respects 
according  to  the  specification.  Two  additional  hands  were 
employed  when  the  well  was  about  30  feet  deep,  and  no 
difficulty  was  experienced  until  the  mass  of  London  clay 
was  cut  through,  and  the  upper  beds  of  the  plastic  clay 
formation,  which  were  found  at  the  depth  of  150  feet,  were 
perforated.  Here  a stratum  of  dark  sand  was  found,  con- 
taining a little  water.  This  sand  was  so  loose  that  it  did 
not  afford  sufficient  foundation  for  the  brickwork ; and 
there  was  this  further  difficulty,  that  had  the  water  been 
pumped  out,  the  sand  would  have  been  set  in  motion,  or, 
to  use  a technical  expression,  would  have  blown  up  in  the 
well.  Under  these  circumstances,  it  was  determined  to 
substitute  cast-iron  cylinders,  five  feet  diameter  and  one 
inch  thick,  for  the  brick  steining. 

The  specification  and  tender  for  supplying  the  cylinders, 
and  executing  the  work  with  them,  was  as  follows. 


Tender  for  supplying  cast-iron  cylinders  to  be  used  in  lieu  of 

steininq. 

lottenliam. 

I hereby  engage  to  secure  the  present  brickwork  in  its 
place  by  strong  elm  ribs,  suspended  by  iron  rods  up  the 
shaft,  and  to  provide  and  fix  cast-iron  cylinders  of  five  feet 
diameter  and  one  inch  thick,  in  five-feet  lengths,  with  in- 
ternal flanges,  properly  packed  and  bolted  together,  and 
to  caulk  the  same  with  iron  cement,  and  to  carry  them  down 
through  the  upper  sand,  and  drive  the  lower  end  firmly 
into  the  clay ; and  to  concrete  behind  the  upper  cylinder 
with  gravel  and  cement,  to  form  a footing  for  the  lower 
steining,  and  for  stopping  out  water,  providing  every 
material  required  for  the  work,  at  £7  2s.  per  foot  lineal. 

(SiSned)  Tnos.  Clark. 
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Before  proceeding  to  lower  the  well  or  fix  the  cylinders, 
it  was  necessary  to  secure  or  tie  up  the  brickwork  which 
had  been  already  executed.  For  this  purpose  a strong 
elm  frame  was  inserted  under  it,  and  the  frame  being  con- 
nected by  1^-inch  rods,  with  two  strong  beams  fixed  over 
the  top  of  the  well,  effectually  secured  the  steining  in  its 
place.  In  order  to  steady  the  cylinders,  and  keep  them  in 
a right  line  as  the  work  proceeded,  four  battens,  20  feet 
long,  7 inches  wide,  and  2£  inches  thick,  were  fixed  to  the 
lower  part  of  the  brickwork,  forming  a kind  of  frame 
through  which  the  cylinders  would  slide ; this  being  ar- 
ranged, the  first  cylinder,  5 feet  in  length,  was  lowered  to 
the  bottom,  and,  after  being  properly  adjusted  by  means 
of  wedges,  another  was  added  on  the  top,  and  the  joint  of 
the  flanges  made  good ; four  others  were  added  in  succes- 
sion, making  a length  of  30  feet  of  cylinders  fixed,  before 
the  excavation  was  proceeded  with.  The  object  of  this 
was  twofold ; first,  that  the  outer  surface  of  the  cylinders 
being  confined  within  the  wooden  frame  already  described, 
the  true  direction  would  be  maintained;  and,  secondly, 
that  the  weight  of  the  mass  would  aid  in  its  descending 
into  its  place  as  the  boring  or  excavation  was  proceeded 
with : by  these  means,  had  the  stratum  proved  to  be  a 
cpiicksand,  the  difficulty  would  have  been  overcome  : a 
stage  was  then  placed  on  the  upper  part  of  the  cylinders, 
and  an  auger,  4'  10"  in  diameter,  was  introduced  within 
them.  Each  time  that  this  auger  was  drawn  out,  the 
cylinders  settled  on  an  average  about  two  inches,  and  no 
difficulty  was  experienced.  The  stratum  of  sand,  which 
was  about  20  feet  in  depth,  was  cut  through,  and  a hard 
mottled  clay  was  found  under  it : it  was  essential  that  the 
cylinders  should  be  firmly  fixed  in  the  clay,  in  order  to 
prevent  the  water  contained  in  the  sand  from  forcing  its 
way  under  them,  and  rising  into  the  well.  The  boring 
was  therefore  continued  for  a few  feet,  and  the  cylinders 
were  at  last  driven  into  the  clay  with  a heavy  dolly,  made 
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of  the  rough  trunk  of  a tree.  The  water,  which  had 
hitherto  stood  above  the  level  of  the  top  of  the  sand  in  the 
cylinders,  was  now  pumped  out,  and  the  well  remaining 
perfectly  dry,  afforded  evidence  that  the  water  contained 
in  the  sand  had  been  effectually  stopped  out.  The  12-incli 
pipe  mentioned  in  the  original  specification  was  dispensed 
with,  and  the  boring  was  continued  with  a 1 Ob-inch  auger 
down  to  the  chalk ; 8-incli  pipes  were  then  introduced, 
which  were  firmly  fixed  several  feet  into  the  chalk,  and 
were  left  standing  6 feet  above  the  bottom  of  the  cylin- 
ders. The  object  of  this  latter  arrangement  was,  that  any 
sediment  contained  in  the  water  might  settle  at  the  bottom 
of  the  well. 

The  following  is  a section  of  this  well,  together  with  the 
distance  from  the  surface  of  the  ground  to  various  points 
in  the  well  itself 


Yellow  clay  and  gravel 30 

Blue  clay 10o 

Mottled  clay  . . . . . . .19i 

Dark  loamy  sand,  and  little  water  . . .18 

Hard  mottled  clay  and  sand,  without  water  17 

Dark  sand,  with  little  water  ...  34 

Hard  fliut  .......  1 

Chalk 


Total  depth  . . 370£ 


Fed. 

Distance  of  bottom  of  brick  shaft  to  surface  . 153 

,,  from  top  of  iron  cylinders  to  do.  . 139 

,,  from  bottom  of  iron  cylinders  to  do.  . 170 

» from  bottom  of  iron  piping  to  do.  . 230 

» from  top  of  copper  piping  to  do.  . 220 

» from  bottom  of  copper  piping  to  do.  . 259 


On  the  completion  of  this  well,  it  was  considered  desirable 
0 test  the  strength  of  the  spring  by  pumping,  which  ope- 
ration had  also  the  effect  of  freeing  the  sides  of  the  bore 
thereby  allowing  the  water  to  percolate  more  quickly,  as 


90 


RUDIMENTARY  TREATISE  ON 


the  action  of  the  tools  necessarily  had  a tendency  to  harden 
the  chalk.  The  pump  was  kept  at  work  night  and  day,  a 
relieving  gang  of  men  coming  on  every  four  hours.  After 
working  in  this  manner  for  48  hours,  the  level  of  the  water 
in  the  cylinders  was  marked,  and  it  was  also  ascertained 
that  in  one  hour  rather  more  than  900  gallons  were  removed 
from  the  well.  The  water-level  was  lowered  by  the  pump- 
ing one  foot ; and  as  a hole  five  feet  in  diameter  and  one 
foot  deep  contains  122  gallons,  that  amount  deducted 
from  900,  gives  as  the  water-supply  nearly  800  gallons 
per  hour. 


Artesian  Well  at  Bulphan  Fen. 

The  description  of  the  following  example  is  considered 
well  worthy  of  remark,  as  it  tends  to  show  the  great  advan- 
tage arising  from  a plentiful  supply  of  water,  together  with 
the  ease  with  which  it  is  often  obtained  in  districts  appar- 
ently wanting  in  that  necessary  article. 

At  Bulphan  Fen,  within  a few  miles  of  Aveley,  Essex,  is 
a large  tract  of  grass-land,  situated  at  a low  level,  and 
liable  to  be  much  flooded  in  the  winter  season.  Its  value 
was  formerly  little,  as  in  the  summer  time  it  was  destitute 
of  good  water,  being  wholly  dependent  upon  the  pools  and 
ditches  which  retained  the  remains  of  the  winter’s  rain  and 
floods.  This  rendered  it  unfit  for  stock,  as,  in  addition  to 
the  small  quantity  of  water  remaining,  even  that  was  ren- 
dered bad  by  the  heat  of  the  weather.  The  landowners  in 
the  neighbourhood  were  induced  to  bore,  and,  being  suc- 
cessful in  finding  springs,  the  water  from  which  overflowed 
the  surface  of  the  ground,  their  example  was  followed  by 
the  proprietor  of  the  Artesian  well  under  consideration, 
who,  together  with  his  father,  suffered  much  inconvenience 
from  the  scarcity  of  water  upon  300  acres  of  low  grass-land 
at  Aveley.  A spot  was  fixed  upon  at  the  edge  of  the  up- 
lands, and  about  the  level  of  high-water  mark  of  the 
Thames  : during  the  month  of  August,  1835,  the  work  was 
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commenced.  The  bore  of  the  auger  was  3 inches.  The 
first  5 or  6 feet  were  an  alluvial  soil,  mixed  with  many 
small  stones,  the  whole  of  a gravelly  nature  ; succeeding 
this  was  a very  soft,  boggy  ground,  which  ran  in  as  fast  as 
bored  out ; into  it  were  inserted  wrought-iron  pipes  of  the 
usual  construction  : the  thickness  of  this  bog  was  about  2 
feet.  The  next  substance  was  light  brown  sand,  very  close, 
firm,  sharp,  and  fine ; it  became  darker  as  the  work  pro- 
ceeded, till,  at  65  feet  from  the  surface,  it  was  almost  black. 
Separating  this  sand  and  the  chalk,  was  a small  portion  of 
light,  grass-green,  flaky  rock.  In  the  chalk  were  layers 
of  flints ; and  the  boring  was  carried  on  in  this  formation 
about  35  feet,  when  the  auger  and  rods  suddenly  dropped 
seven  feet  into  a cavity  of  very  soft,  almost  liquid  chalk, 
from  which  the  water  rose  to  within  one  foot  of  the  surface 
of  the  marsh ; water  had  been  met  with  previously,  but  not 
in  such  large  quantities  as  this  spring  furnished ; and,  no 
doubt,  the  water  from  this  would  have  risen  higher  but  for 
its  connection  with  other  and  weaker  springs,  which  reduced 
its  standing  level  by  abstracting  a portion  of  the  water 
instead  of  adding  thereto,  notwithstanding  the  greater 
hydrostatic  pressure  exercised  upon  the  lower  and  stronger 
spring : it  must,  therefore,  always  be  borne  in  mind,  that 
where  a great  rise  of  water  is  wished  for  from  a deep  strong 
spring,  all  others  should  be  very  carefully  blocked  out ; 
when  quantity,  and  not  standing  level,  is  the  question,  the 
conditions  of  the  case  are  altered.  To  return  from  this 
digression  : the  water  in  this  well,  which,  as  before  re- 
marked, rose  almost  to  the  surface,  was  conducted  by  a 
2-inch  pipe,  inserted  3 inches  under  the  water-level,  into 
ditches  traversing  the  land ; the  water  ran  white  for  some 
days,  but  ultimately  perfectly  clear,  and  continues  to  run 
night  and  day.  The  temperature  is  51°  Falir.  winter  and 
summer,  and  the  quantity  delivered  in  24  hours  about 
30,000  gallons;  it  supplies  2 miles  of  ditches  10  feet  wide, 
from  which  it  runs  into  the  sea. 
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In  the  neighbourhood  of  the  above  Artesian  bore  are 
situated  some  wells  of  the  ordinary  kind ; the  spring  or 
springs  to  which  they  are  sunk  are  strong,  the  water  rising 
to  the  same  level  as  in  the  Artesian  one  ; they  receive  their 
supply  from  the  saturated  sand  spoken  of  above,  and  which 
is  situated  upon  the  top  of  the  chalk.  The  identity  of  level 
between  the  wells  is,  no  doubt,  owing  to  their  communica- 
tion, which  is  established  by  the  water  from  the  chalk 
rising  outside  the  pipe  which  lines  the  bore,  the  water 
naturally  preferring  such  an  exit  to  rising  higher  inside 
the  pipe  itself.  Even  with  the  most  carefully  executed 
work,  it  is  difficult  to  prevent  water  rising  outside  the 
boring-pipes  where  they  pass  through  sand  ; therefore,  in 
ordinary  cases,  such  an  effect  may  be  expected  to  take  place, 
unless  the  lower  springs  are  separated  from  the  upper  by  j 
an  impermeable  collar  of  clay  or  other  matter  through 
which  the  pipe  passes. 


CHAPTER  VII. 

NOTES  ON  DEEP  ARTESIAN  WELLS  MADE  AFTER  1851. 

Since  1851  the  operations  of  Local  Boards  of  Health,  of 
the  Paris  Municipality,  and  of  numerous  private  parties, 
have  enabled  the  engineer  to  reasoij  more  definitely  upon 
the  conditions  of  tho  supply  of  water  to  deep-seated  wells ; 
but  this  has  been  accompanied  with  a corresponding 
amount  of  uncertainty  in  the  operations  undertaken  for 
the  purpose  of  procuring  water  from  them,  that  leaves  the 
whole  subject  involved  in  mystery  when  the  strata  tra- 
versed are  so  traversed  for  the  first  time.  The  fact 
seems  to  be,  that  in  tho  matter  of  tho  geological  consti- 
tution of  the  earth,  science  can  tell  us  what  we  shall  not 
meet  with ; it  can  never  tell  us  what  we  shall  find.  The 
order  of  strata  is  never  reversed,  except  in  well-defined 
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cases  of  volcanic  origin ; but  it  by  no  means  follows  that 
this  order  has  everywhere  been  followed,  or  that  the 
sequence  of  the  strata  has  been  invariably  observed  over 
large  extents  of  country,  with  sufficient  regularity  to  en- 
able any  one  to  count  upon  their  yielding  the  results  that 
are  expected  to  flow  from  them.  It  consequently  follows 
that  the  first  operations  that  are  undertaken  in  the  hopes  of 
discovering  a deep-seated  spring,  such  an  one  as  would 
furnish  an  Artesian  w*ffi,  are  always  attended  with  con- 
siderable risk  of  failure  ; but  that,  if  they  once  succeed, 
the  conditions  of  the  quantity  so  supplied,  and  the  height 
to  which  it  will  rise,  can  be  with  certainty  predicted. 
Illustrations  of  both  these  laws  will  be  given  in  the 
notices  of  the  wells  hereinafter  described,  and  the  geo- 
logical inferences  to  be  drawn  from  them  will  be  occasion- 
ally noticed. 

De&p  Well  at  Hampstead. 

Tire  first  well  that  claims  our  attention  was  the  one  that 
had  been  executed  for  the  Hampstead  Water  Works 
Company,  in  order  to  comply  with  the  provisions  of  the 
Metropolis  Water  Works  Act  of  1851.  In  this  case,  the 
directors  were  obliged  to  seek  for  a supply  that  was  inde- 
pendent of  any  natural  watercourse  ; and  after  consulting 
Mr.  Prestwich,  the  greatest  authority  we  have  upon  hydro- 
graphical  geology,  they  determined  to  seek  through  the 
chalk,  in  the  hope  of  obtaining  a supply  from  the  lower 
green-sands  that  were  known  to  crop  out  on  the  edges  of 
the  chalk  basin,  like  the  Paris  strata  did,  and  that  were 
supposed  to  be  continuous  under  the  chalk.  The  borino- 
was  confided  to  Messrs.  Degoupee  and  Laurent,  who  had 
great  experience  in  this  class  of  work,  and  had  executed 
some  of  the  most  successful  wells  upon  the  Continent.  The 
shaft  had  been  already  sunk  through  the  London  clay,  and 
the  chalk,  to  the  depth  of  530  feet  from  the  surface,  at 
which  level  the  boring  commenced,  at  first  with  a diameter 
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of  12  inches,  subsequently  reduced  to  10,  and  finally 
leaving  off  with  a diameter  of  8 inches.  The  chalk  was 
found  of  its  calculated  thickness  ; the  upper  green-sand 
and  the  gault  were  found  to  be  as  they  were  expected ; but 
at  the  depth  of  1 113  feet  from  the  surface,  the  boring  tool 
passed  into  a succession  of  beds,  consisting  of  alternate 
layers  of  red  sandstones,  red  clays,  conglomerates,  and 
sands,  which  geologists  were  disposed  to  believe  were 
members  of  the  new  red  sandstone  series,  instead  of  the 
lower  green- sand  that  they  expected  to  meet  with  in  this 
position.  The  consequence  of  this  was  that  the  boring 
was  stopped,  at  a further  total  depth  of  1 302  feet  from 
•the  surface  ; and  the  Company  was  ruined. 

Deep  Well  at  Harwich. 

About  the  same  time,  Mr.  Peter  Bruff  was  engaged  upon 
the  attempt  to  obtain  a supply  of  water  for  the  town  of 
Harwich  (which  is  situated  upon  the  outer,  or  seaward 
edge  of  the  London  clay),  by  means  of  an  Artesian  well, 
in  consequence  of  the  success  of  Mr.  Lancaster  Webb  in 
his  search  for  water  by  the  same  means  at  Stowmarket, 
which  is  situated  upon  the  chalk,  higher  up  the  valley 
of  the  Gripping,  an  affluent  of  the  Orwell,  that  falls  into  the 
sea  at  Harwich.  Attempts  had  been  previously  made  to 
sink  wells  in  this  spot,  but  they  had  always  proved 
unsuccessful,  in  consequence  of  the  communication  of  salt 
water  with  the  land  waters,  in  the  operations  carried 
on  near  the  sea-sliore  ; and  therefore  the  local  authorities 
determined  to  try  whether  they  would  be  more  successful 
in  the  attempt  to  obtain  a supply  from  a deep-seated 
source,  such  as  would  be  furnished  by  the  lower  green- 
sands, which  analogy  indicated  would  be  found  under  the 
chalk  basin  of  the  London  clay.  In  the  case  of  Mr. 
Lancaster  Webb’s  well,  that  gentleman  had  sunk  through 
the  superficial  gravels  and  clay,  through  the  chalk  forma- 


WELLS  AND  WELL-SINKING. 


95 


tion,  the  upper  green-sands,  the  gault,  and  he  obtained 
his  supply  from  the  lower  green-sand,  at  the  depth  of 
895  feet  from  the  surface ; but  there  was,  of  course, 
a considerable  difference  of  level  between  the  position  of 
this  well  from  that  undertaken  at  Harwich.  It  happened, 
however,  that  in  sinking  the  latter  well,  the  men  employed 
found  that  after  they  had  sunk  through  the  London  clay, 
the  chalk,  the  upper  green- sand,  and  the  gault,  the  boring- 
passed  at  once  into  a slaty  rock  of  a black  colour,  which 
Mr.  Prestwich  pronounced  to  be  a member  of  the  Cum- 
brian or  Westmoreland  slates,  although  its  precise  situation 
in  the  series  could  hardly  be  ascertained,  in  consequence  of 
the  absence  of  fossils  in  the  materials  obtained  from  the 
boring.  This  strange  result  was  a confirmation  of  the 
observations  recorded  to  have  been  made  at  Calais,  where 
a member  of  the  pre-carboniferous  series  was  found  to 
exist  under  the  gault,  and  it  to  a great  extent  confirmed 
the  opinion  that  the  whole  of  the  series  of  strata  between 
the  new  red  sandstone  and  the  gault  were  absent  under 
London,  as  in  the  boring  at  Highgate  Hill.  Similar 
results  have  also  been  obtained  at  the  well  that  has  been 
sunk  for  the  town  of  Ostend,  which  is  situated  in  the 
prolongation  of  the  London  tertiaries  upon  the  Continent. 

Deep  Well  at  Passy. 

The  Paris  Municipality  has  lately  been  induced  to  repeat 
the  successful  operation  that  they  had  accomplished  at 
Crenelle,  by  sinking  a well  at  Passy.  They  confided  the 
execution  of  the  works  in  this  case  to  M.  Kind,  who  had 
executed  some  of  the  deepest  wells  that  had  been  executed 
in  the  Ehenish  provinces  of  Prussia  and  the  neighbouring 
countries,  for  the  purpose  of  extracting  salt  from  the  brine 
springs  that  rose  from  the  marls  of  the  new  red  sandstones, 
and  who  had  established  a reputation  for  the  manner 
in  which  he  had  succeeded  in  sinking  the  shafts  of  certain 
coal-mines  through  the  running  sands  that  are  often  met 
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with,  in  the  coal  measures.  The  first  intention  of  the 
engineers  of  the  city  was  to  execute  the  boring  of  the  same 
diameter  as  the  Grenelle  well,  that  is  to  say,  of  8 inches ; 
but  M.  Kind  undertook  to  terminate  the  boring  of  the 
diameter  of  2 feet,  and  he  also  contracted  to  deliver 
the  water  at  the  height  of  92  feet  above  the  level  of  the 
ground,  at  the  rate  of  three  million  gallons  per  day.  This 
he  engaged  to  effect  within  the  space  of  two  years,  and  to 
complete  the  works  for  the  total  sum  of  £14  000.  There 
were,  of  course,  many  opponents  of  M.  Kind,  on  the  score 
of  his  nationality,  and  on  the  score  of  the  increased  de- 
livery that  was  presumed  to  be  attained  over  the  well 
of  Grenelle ; but  at  last  the  authorities  were  persuaded  to 
allow  M.  Kind  to  go  to  work,  with  the  processes  he  intro- 
duced. This  took  place  in  consequence  of  the  vote  of 
the  Municipal  Council  on  the  23rd  of  December,  1854. 
The  works  were  commenced  shortly  afterwards,  and  by  the 
31st  of  May,  1857,  the  boring  had  already  been  carried  to 
the  depth  of  1 732  feet  from  the  surface,  when  suddenly 
the  upper  portion  of  the  lining  of  the  well  collapsed,  at  the 
distance  of  about  100  feet  from  the  ground,  and  choked  up 
the  whole  of  the  boring.  This  accident  led  to  the  failure 
of  M.  Kind,  and  considerably  delayed  the  progress  of 
the  works  ; but  the  Municipal  Engineers  were  so  satisfied 
with  the  energy  and  skill  that  M.  Kind  had  displayed  in 
the  conduct  of  the  works,  that  they  entrusted  the  conduct 
of  the  remaining  operations  to  him  upon  the  resiliation  of 
his  original  contract.  A well  was  sunk,  and  lined  with 
masonry,  to  the  depth  of  175  feet  4 inches  from  the 
surface,  and  the  boring  was  then  cleared  out  and  resumed. 
Much  trouble  was  encountered  in  traversing  the  strata 
that  were  situated  below  the  distance  of  1 732  feet  from  the 
ground,  above  quoted ; and  at  length,  at  about  1 894  feet 
from  the  surface,  the  first  water-bearing  stratum  was  met 
with ; but  the  water,  after  several  oscillations,  did  not 
reach  the  ground.  The  boring  was  continued  below  this 
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level,  until  on  the  24th  September,  1861,  at  mid-day,  the  true 
Artesian  spring  was  tapped,  at  the  depth  of  1 923  feet 
8 inches  from  the  surface.  When  this  spring  first  rose,  it 
discharged  about  5 582  000  gallons  per  day,  but  the  yield 
of  the  well  in  its  normal  state  has  oscillated  considerably. 
So  long  as  the  column  was  not  raised  above  the  level  of 
the  ground,  however,  the  total  quantity  delivered  did  not 
vary  much  from  that  of  4 465  600  gallons  per  day.  It 
had  been  noticed  previously  that  the  well  of  Grenelle 
had  sunk  gradually,  in  consequence,  no  doubt,  of  the 
obstruction  of  the  tubes  in  it,  until  the  rate  of  delivery  had 
reached  200  000  gallons  a day,  instead  of  800  000  gallons 
that  it  had  originally  yielded : but  it  was  also  observed 
that  the  Grenelle  well  was  affected  within  30  hours  after 
the  Passy  well  had  been  continued  to  the  water-bearing 
stratum,  until  the  yield  of  the  former  had  settled  to 
the  rate  of  173  000  gallons  in  the  day  of  24  hours.  The 
delivery  of  the  Grenelle  well  remained  stationary  at  the 
above  rate,  so  long  as  the  height  to  which  the  water  was 
delivered  at  Passy  remained  the  same  as  it  was  originally  ; 
but  when  this  was  altered  so  as  to  make  the  points  of 
discharge  of  the  two  wells  equal  in  height,  the  yield  of  the 
Grenelle  well  was  resumed,  and  the  yield  of  that  of  Passy 
fell  off'  until  it  only  amounted  to  2 000  000  gallons  per  day. 
The  horizontal  distance  from  the  Passy  to  the  Grenelle 
well  is  about  3 830  yards,  and  the  depth  of  the  water- 
bearing stratum  is,  at  Grenelle,  100  feet  nearer  the  mean 
level  of  the  sea  than  it  is  at  Passy ; while  the  surface  of 
the  ground  is  about  35  feet  higher  in  the  latter  locality 
than  it  is  at  Grenelle. 

Without  doubt  the  effect  produced  upon  the  respective 
sources  of  supply,  by  the  alterations  in  the  heights  of  the 
columns  of  water  delivered,  proves  that  both  the  Passy 
and  Grenelle  wells  are  fed  from  the  same  water-bearing 
stratum ; nor  can  there  be  any  reason  to  doubt  but  that  the 
Passy  well  water  would  be  of  nearly  the  same  composition 
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as  that  of  Grenelle,  when  once  the  passages  through  which 
the  water  flowed  were  cleared  from  accidental  impurity. 
M.  Pelligot  has  carefully  analyzed  the  Grenelle  waters, 
and  he  found  that  they  contained  G-000142  of  saline 
matters,  composed  principally  of  the  carbonate  of  lime, 
potash,  and  magnesia,  associated  with  a compound  of 
sulphur  and  soda,  of  variable  proportions  and  conditions, 
and  with  the  carbonate  of  the  protoxide  of  iron  and  silica. 
The  salts  of  the  sulphide  of  lime,  that  are  amongst  the 
most  permanent  impurities  of  water,  are  entirely  wanting ; 
and  it  would  appear  that  the  gases  diffused  through  the 
water  are  of  considerable  volume,  the  carbonic  acid  gas 
being  the  most  so.  There  is  a sensible  evolution  of  sul- 
phuretted hydrogen  from  both  the  well  waters  of  Passy 
and  of  Grenelle  ; and  it  is  worthy  of  remark  that  the  same 
gas  is  given  off  from  the  waters  obtained  by  Mr.  Gate- 
house, of  Chichester,  though,  in  this  case,  the  quantity  of 
gas  is  sufficient  to  render  the  water  quite  unfitted  for 
drinking  purposes,  which  is  not  the  case  with  the  waters 
at  Passy  or  Grenelle.  The  temperature  of  both  these 
sources  of  supply  is  about  82°  Fahrenheit,  which  is 
another  proof  of  their  common  origin ; the  Grenelle  well, 
as  was  said  in  the  text,  rising  at  nearly  that  degree  of 
temperature.  Unfortunately,  the  tubing  that  M.  Kind 
introduced  in  the  progress  of  the  work  has  proved  to  be 
utterly  untrustworthy,  and  the  consequence  has  been  that 
the  water  from  the  bottom  of  the  boring  has  communicated 
with  the  various  water-bearing  strata  that  it  encounters  in 
its  ascent,  thus  increasing  both  the  volume  and  the  tem- 
perature of  the  latter,  and  furnishing  a nearer  outflow  for 
the  waters  that  it  yields  than  is  provided  for  it  upon  the 
surface.  Practically,  the  results  of  the  Passy  well  are,  for 
the  present,  without  any  result ; though  the  cause  of  this 
is  well  known,  and  can  be  remedied  by  simply  lining  the 
bore  with  impermeable  pipes. 

It  may  be  worth  whilo  here  to  call  attention  to  the 
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mechanical  means  adopted  by  M.  Kind  in  sinking  a 
boring  of  the  large  diameter  of  8 feet  4 inches,  which 
size  was  adopted  in  the  well  at  Passy,  to  the  enormous 
depth  of  nearly  2 000  feet  from  the  surface  of  the  ground. 
The  work  was  commenced  with  a shaft,  as  is  usually  the 
case,  and  after  it  had  been  sunk  to  the  depth  of  50  feet  in 
the  original  well,  the  boring  commenced,  and  was  con- 
tinued with,  as  nearly  as  possible,  the  same  diameter  to 
the  bottom.  M.  Kind  employed  for  the  purpose  of  cutting 
through  the  strata  what  may  be  called  rods  ivitli  releasing 
joints,  very  closely  resembling  the  joints  already  described 
as  invented  by  (Euyenliausen,  which  allowed  the  cutting 
tool  to  be  raised  a certain  height,  and  then  to  be  released 
automatically.  This  arrangement  was  adopted  in  order  to 
avoid  the  lashing  of  the  sides  of  the  boring  by  the  long- 
rods,  and  to  regulate  the  force  of  the  blow  of  the  cutting- 
tool.  This  tool  likewise  differed  from  the  tools  generally 
employed,  for  it  consisted  of  a single  or  double  trepan, 
according  to  the  nature  of  the  ground,  instead  of  the 
ordinary  chisels  and  augers.  A patent  was  taken  out  for 
these  tools  in  the  year  1854,  under  the  number  13  478  of 
the  English  patents,  the  printed  specification  of  which  con- 
tains a series  of  engravings  of  the  various  modifications  of 
the  tools  proposed  for  the  different  kinds  of  works  ; and  in 
the  Annuaire  Scientifique  for  1861  there  will  be  found  an 
illustration  of  the  trepan  used  by  M.  Kind,  and  of  the 
slide  joints.  The  patent  of  1854  specifies  also  certain 
methods  of  lining  the  boring;  but  it  must  be  confessed 
that  they  do  not  appear  to  have  been  successful,  for  M. 
Kind  encountered  greater  difficulties  from  the  collapsing 
of  the  tubes  than  from  any  other  cause.  It  is  a common 
error  with  well-borers  to  undervalue  the  effort  exercised 
by  clays  swelling  when  charged  with  water,  and  the  great 
delays  that  arose  in  the  case  of  the  Passy  well  were  pre- 
cisely attributable  to  this  cause,  which  partly  arose  from 
the  false  economy  attempted  to  be  introduced  into  the 
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means  of  tubing-  the  bore.  The  time  actually  employed  in 
sinking  the  well  of  Passy  was  very  nearly  the  same  as  that 
which  had  been  employed  upon  the  well  of  Grenelle ; the 
former  took  six  years  and  seventy-five  days,  the  latter 
seven  years  and  ninety  days ; but  it  was  the  first  attempt 
at  sinking  to  such  a depth  and  in  such  a strata.  The  cost 
of  the  Grenelle  well  was  £14  000,  that  of  Passy  was 
£40  000 ; but  it  must  be  observed  that  the  quantity  of 
water,  delivered  at  the  same  height  in  the  two  cases,  was, 
as  long  as  the  tubes  of  the  well  of  Passy  continued  in 
working  order,  ten  times  greater  than  that  at  Grenelle. 
This  thing  was,  at  any  rate,  proved  by  the  temporary 
results  of  the  experiment  of  Passy,  viz.,  that  the  ratio  of 
delivery  was  in  the  direct  ratio  of  the  diameter  of  the 
boring.  M.  Kind,  it  may  be  as  well  to  add,  was  enabled, 
by  the  use  of  the  tools  that  he  employed,  to  strike  as  many 
as  twenty  blows  per  minute,  at  a depth  of  2 000  feet,  with 
the  greatest  regularity. 

Iu  a lecture  delivered  by  Mr.  Burnell,  before  1861,  he 
pointed  out  that  observations  should  be  made  upon  the 
yield  of  the  Artesian  wells  of  Elboeuf  and  Bouen,  that  are 
fed  from  the  same  beds  of  the  lower  green-sands  that  are 
resorted  to  in  the  wells  of  Grenelle  and  Passy,  in  order  to 
be  able  to  ascertain  whether  the  yield  of  the  water-bearing- 
stratum  would  be  affected.  In  the  present  state  of  the 
well  of  Tassy  of  course  this  would  be  a matter  of  little 
interest,  but  the  necessity  of  observing-  closely  the  effect  of 
two  or  more  such  wells  upon  the  probable  supply  is  evi- 
dent from  the  results  obtained  in  the  neighbourhood  of 
Tours,  where  the  wells  were  so  numerous  that  they  had 
mutually  affected  one  another.  The  same  thing  has  also 
been  observed  in  London,  where  the  Artesian  wells  from 
the  Woolwich  sands  and  the  sands  of  the  plastic  clay 
series  have  ceased  to  flow  over  the  surface  in  the  great 
majority  of  cases;  and  the  level  of  the  water  in  the  chalk 
is  gradually  declining  in  consequence  of  the  great  draft 
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that  is  made  upon  that  source  of  supply.  In  Paris  it  is 
the  more  necessary  to  ascertain  the  effect  of  the  Artesian 
•wells  that  are  about  to  be  sunk  in  that  basin,  because  the 
city  is  about  to  sink  a series  of  them  for  the  improvement 
of  its  water  supply;  indeed  it  has  already  begun  the  execu- 
tion of  two  of  them.  It  cannot  be  too  much  insisted  upon  that 
observations  are  needed  upon  the  effect  of  these  wells  upon 
the  yield  of  those  already  established,  as  there  is  no  law 
by  which  the  right  to  the  supply  in  this  case  can  be  pro- 
tected, and  the  first  person  who  would  establish  a well  in  a 
more  favourable  position  than  the  city  of  Paris  might 
render  all  the  outlay  that  the  latter  might  encounter  vain. 

Wells  in  the  African  Sahara. 

The  French  Government  have  lately  made  experiments 
upon  well-boring  on  a very  large  scale  in  the  Desert  of 
Sahara,  and  they  have  thus  been  enabled  to  diffuse  the 
blessings  of  civilization  in  those  inhospitable  regions. 
These  experiments  were  executed  by  means  of  tools  in- 
vented by  MM.  Degousee  and  Laurent,  who  seem  also  to 
have  acted  as  consulting  engineers  to  the  officers  of  the 
Genie  Militaire  who  were  specially  charged  with  the  direc- 
tion of  these  operations.  It  appears  that  up  to  the  month 
of  June,  1860,  no  less  than  50  of  these  wells  had  been 
sunk  in  the  desert,  and  that  they  pour  upon  its  thirsty  soil 
no  less  than  7 920  000  gallons  of  water  per  day,  giving 
rise  to  the  formation  of  numerous  oases,  for  the  effect  of 
water  upon  vegetation  is  marvellous  in  those  climates, 
although  the  quality  of  the  supply  is,  in  these  cases,  very 
far  from  being  of  an  irreproachable  nature:  the  waters  are 
brackish,  and  they  contain  many  salts  of  magnesia.  It  is 
to  be  suspected  that,  notwithstanding  this  defect,  which  is 
partly  owing  to  the  fact  of  the  water  being  furnished  from  the 
bed  of  a former  sea  basin,  that  much  of  the  difficulty  which 
is  found  m traversing  the  great  deserts  of  Central  Asia  and 
Australia  might  be  thus  obviated,  and  the  French  Govern- 
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ment  lias  conferred  in  this  matter  a service  on  all  humanity 
in  facilitating  the  means  of  intercommunication. 


Unsuccessful  Wells  at  Hastings,  Rugby,  and  Middlesborough. 

The  risks  and  uncertainty  that  attend  the  first  essays 
towards  the  attainment  of  a water  supply  in  an  untried 
formation  are  strikingly  illustrated  by  the  results  of  the 
borings  of  the  Hastings,  the  Rugby,  and  the  Middles- 
borough wells.  In  the  Hastings  well,  after  traversing 
about  600  feet  through  the  Wealden  beds,  the  operations 
were  suspended,  when  the  well-borers  were  upon  the  point 
of  discovering  whether  the  Wealden  series  reposed  upon 
the  upper  Portland  beds,  or  whether  they  reposed  upon 
the  carboniferous  series,  as  they  are  known  to  do  in 
Belgium.  Of  course  every  attempt  to  solve  this  question 
must  be  involved  in  great  doubt,  because  it  is  impossible 
to  predicate  the  thickness  of  the  strata  that  would  be  met 
with.  It  may  be  that  the  Wealden  formations  at  Hastings 
are  700  feet,  or  they  may,  with  equal  probability,  be  of 
1 700  feet  in  thickness.  But  the  interest  that  attaches 
itself  to  the  question  of  the  occurrence  of  coal  in  this  part 
of  England  is  so  great  that  it  may  nowadays,  when  Sir 
W.  Armstrong  has  called  attention  so  forcibly  to  the 
limited  duration  of  our  supply  of  that  means  of  power, 
be  considered  a subject  of  regret  that  this  well  should  be 
abandoned.  In  the  case  of  the  Rugby  well,  the  operation 
of  boring  was  resorted  to  with  the  hopes  of  meeting  with  a 
supply  of  water  from  the  new  sandstone,  which  the 
Engineer  counted  upon  finding  after  having  traversed  the 
beds  of  the  basement  of  the  blue  lias  formation.  At  Liver- 
pool and  Birkenhead  the  well-boring  operations  had  been 
remarkably  successful  in  the  triassic  group  of  the  new  red 
sandstone,  which  were  also  considered  to  continue  under 
Rugby ; but  the  result  of  the  experiment  has  been  that, 
after  traversing  the  lias  and  the  new  red  sandstones,  to 
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about  the  depth  of  1 200  feet,  the  well-borers  only  found 
that  they  had  attained  the  brackish  waters  that  are  usually 
associated  with  the  saliferous  marls  of  the  latter  formation. 
The  Middlesborough  well  was,  if  possible,  marked  with 
more  decided  results  than  the  Rugby  one,  in  this  respect 
that  it  brought  to  the  surface  a more  powerful  brine  spring, 
that  is  capable  of  being  worked  for  the  extraction  of  salt, 
whereas  it  was  sunk  with  the  expectation  of  meeting  with 
a supply  of  pure  and  fresh  water.  It  was,  however, 
entirely  sunk  in  the  new  red  sandstone,  and  was  prin- 
cipally interesting,  in  that  it  proved  the  risk  that  was 
run  in  the  course  of  well-boring  in  these  formations,  from 
the  very  variable  nature  of  the  constitution  of  the  new  red 
sandstone. 


Deep  Well  at  Brighton. 

The  success  of  the  Board  of  Guardians  of  Brighton  in  their 
attempt  to  attain  a supply  by  means  of  an  Artesian  boring 
at  their  establishment  at  Warren  Farm,  a little  to  the 
north-east  of  the  town,  is  the  most  singular  of  the  results 
that  have  lately  been  obtained.  In  this  case  the  well  was 
sunk  through  the  chalk,  the  upper  green-sand,  the  gault, 
and  the  water  supply  came  from  the  lower  green-sand,  at 
about  the  distance  of  1 800  feet  from  the  surface;  but  there 
have  been  no  observations  recorded  upon  the  height  to 
which  the  waters  rise  in  this  well,  nor  have  any  experi- 
ments been  yet  made  upon  the  temperature  of  the  waters 
so  delivered.  The  well  itself  was  sunk  in  the  teeth  of 
common  sense,  inasmuch  as  it  was  made  with  a break  in 
about  the  middle,  that  certainly  would  oppose  the  renewal 
of  the  air  in  the  bottom  of  the  excavation,  which  was 
carried  on  by  the  old  methods  of  sinking.  But  the  r suits 
weie  the  same,  and  the  facts  proved  by  the  success  of  this 
well  are  that  there  are  apparently  proofs  of  the  existence 
of  the  continuous  chalk  basin  and  the  subjacent  s ries 
under  the  Hampshire  basin,  and  apparently  under  the 
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British  Channel,  thus  showing  that  there  existed  in  this 
instance  a difference  in  the  conditions  of  deposition  of  the 
North  and  South  Downs,  so  far  as  the  strata  of  the  rocks 
that  were  under  them  were  concerned.  The  results  of  this 
boring  were  also  to  a great  extent  a condemnation  of  the 
conduct  of  Mr.  Gatehouse,  of  Chichester,  and  of  the  Local 
Board  of  Health  of  Southampton,  in  abandoning  their 
wells  at  the  depth  that  they  had  attained ; but  the  Warren 
Farm  well  has  not  yet  proved  so  successful  as  to  warrant 
any  one  in  the  assertion  that  they  had  been  moved  by  any 
but  prudential  motives  in  their  conduct  on  this  occasion. 
The  depth  that  was  reached  at  Southampton  was  in  itself 
enough  to  create  the  belief  in  the  existence  of  conditions 
of  the  subjacent  strata  that  might  lead  to  very  different 
results  in  that  particular  case.  It  is  to  be  observed  that  in 
speaking  of  this  well  as  an  Artesian  well,  there  is  a slight 
confusion  of  terms,  inasmuch  as  the  water  does  not  flow 
over  the  surface,  but  is  raised  by  a force  pump ; but  the 
means  by  which  the  supply  is  obtained  is  sufficiently  like 
that  adoped  in  the  ancient  province  of  Artois  to  allow  of 
this  extension  of  terms. 

Fesults  in  the  Subcretaceous  Formations  around  London. 

There  have  been  several  wells  sunk  of  late,  with  the 
hope  of  obtaining  a supply  of  water  from  the  subcretaceous 
formations,  which  have  hitherto  been  without  success ; at 
least  without  any  known  results  that  should  warrant  the 
belief  that  on  the  edge  of  the  London  clay  basin  the  opera- 
tions connected  with  them  should  be  otherwise  than  un- 
satisfactory. It  is  not  so,  however,  with  the  wells  that 
have  been  sunk  in  the  chalk  formations  around  London, 
for  in  many  cases  the  well-sinkers  have  succeeded  in  raising 
such  volumes  of  water  from  these  formations  as  to  go  far 
towards  proving  Mr.  Homersham’s  theory  of  the  water- 
bearing capacity  of  the  chalk.  Thus  at  the  well  that  was 
sunk  for  the  late  Plumstead  Water-Works  Company,  under 
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the  orders  of  Mr.  Homersham  himself,  a good  supply  was 
met  with,  at  some  distance  from  the  surface  it  is  true  ; hut 
at  the  Kent  Water-Works  the  most  remarkable  of  these 
operations  have  been  carried  on  and  the  most  extraordi- 
nary results  obtained.  In  this  case  the  wells  have  been 
sunk  in  the  Kavensbourne  valley  that  gives  rise  to  a feeder 
of  the  Thames,  and  is  situated  with  a main  direction  from 
south  to  north.  The  valley  is  upon  a line  of  upheaval  of 
the  lower  tertiaries,  which  are  here  brought  to  the  surface 
by  a movement  of  the  chalk  formation  that  is  continued 
through  the  course  of  the  Thames,  and  displays  itself  in 
the  valley  of  the  Lea  on  the  north  side  of  that  river.  It 
would  appear  that  the  line  of  the  chalk  springs  has,  under 
these  circumstances,  been  interrupted,  and  the  waters  from 
them  have  previously  found  their  way  to  the  sea  through 
some  of  the  innumerable  fissures  of  the  chalk  formation ; 
but  when  a vent  was  found  for  them  at  a point  more 
favourable  for  their  discharge,  as  was  done  in  the  borings  of 
the  Kent  Water- Works  Company,  they  began  to  flow  with 
great  abundance.  The  springs  that  were  tapped  on  this 
occasion  rose  from  about  the  distance  of  316  feet  from  the 
surface,  and  they  were  under  sufficient  pressure  to  cause 
them  to  rise  to  the  height  of  several  feet  above  that  level, 
with  a daily  discharge  of  about  eight  million  gallons  in  the 
total  number  of  the  borings,  a quantity  sufficient  to  the 
supply  of  the  great  part  of  the  consumers  of  this  company. 
Nor  has  this  been  the  only  one  of  the  wells  that  have  been 
lately  sunk  in  the  chalk.  The  ITanwell  Lunatic  Asylum 
has  resorted  to  this  source ; the  Government  have  in  the 
wells  at  Trafalgar  Square  and  in  Hyde  Park  availed  them- 
selves of  it,  in  the  former  case  going  down  to  320  feet  deep, 
and  in  the  latter  to  341  feet;  and  numerous  Local  Boards 
of  Health  have  been  induced  to  try  this  means  of  obtaining 
water.  The  Braintree  Local  Board  has  thus  sunk  a boring 
to  a distance  of  348  feet  from  the  surface,  which  is  supplied 
from  the  chalk  formation  at  a distance  of  120  feet  from  the 
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point  where  it  is  entered  ; but  there  is  this  peculiarity  about 
the  yield  of  the  spring  that  supplies  the  well  of  this  town, 
that  in  the  valley  of  a small  stream  that  runs  into  the 
course  of  the  river  of  Braintree,  below  that  town,  the  chalk 
has  been  found  to  yield  a most  copious  supply  at  the  depth 
from  the  surface  of  244  feet,  and  this,  too,  with  sufficient 
ascentional  force  to  cause  the  water  to  flow  over  the  surface. 
The  results  that  have  been  obtained  by  the  Water  Company 
at  Grays  may  be  likewise  appealed  to  in  confirmation  of 
the  water-bearing  capacities  of  the  chalk  formation  in  the 
neighbourhood  of  London  at  any  rate.  The  importance  of 
this  consideration  is  becoming  every  day  of  greater  weight, 
when  the  opinion  of  many  eminent  engineers  is  that  the 
population  of  the  Thames  valley  is  trenching  so  fast  upon 
the  water  supply  from  that  source,  that  they  positively 
recommend  the  formation  of  large  impounding  reservoirs 
for  the  purpose  of  storing  the  winter’s  rain  for  distribution 
in  the  summer  months.  In  fact,  the  vallej's  of  the  Cray, 
the  Darent,  and  all  the  streams  that  flow  into  the  Thames 
on  the  right  bank  and  on  the  left,  are  at  present  untouched, 
so  far  as  regards  their  water-bearing  capacities ; nor  can 
there  be  any  doubt  that  they  could  yield  a quantity  of 
water  that  would  suffice,  both  in  quantity  and  in  quality, 
for  any  future  increase  of  the  population  of  London  or  its 
environs.  The  latter  consideration,  viz.,  that  of  quality, 
is  at  present  very  important,  because  the  same  engineers 
who  have  proposed  to  resold  to  the  formation  of  large 
artificial  reservoirs  also  attack  the  chalk  waters  on  ac- 
count of  their  excessive  hardness.  It  is  true  that  when 
extracted  directly  from  the  chalk  the  quantity  of  the  bicar- 
bonate of  lime  that  is  held  in  solution  in  the  waters  is  very 
objectionable  for  the  purposes  of  washing  and  tea-making, 
&c. ; but  the  objectionable  quantity  of  this  salt  in  suspen- 
sion is  very  early  parted  with  by  a simple  exposure  to  the 
weather,  and  for  all  the  other  usages  to  which  water  is 
applied  there  can  be  no  doubt  of  the  advantages  of  a supply 
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of  pure  chalk  water.  The  reader  will  find  the  properties 
to  be  desired  in  a town  supply  discussed  in  the  “Treatise 
upon  Hydraulic  Engineering”  in  this  series,  to  which  he 
is  referred. 

General  Remarks  on  Beep  Artesian  Wells. 

A great  deal  of  interest  has  been  lately  attracted  to  the 
operations  of  the  well-borers  in  the  United  States  and 
Canada,  who  have  been  eminently  successful  in  their  search 
for  the  oil-springs  that  so  singularly  mark  that  country. 
The  wells  that  have  been  sunk  there  before  1861,  in  the 
majority  of  cases,  however,  were  not  very  deep,  nor  do 
they  illustrate  any  new  principle  in  the  theory  or  practice 
of  this  art,  for  the  depth  of  the  wells  is  about  300  feet  at  a 
maximum,  and  they  are  entirely  sunk  through  the  surface 
strata  of  the  country.  Much  greater  interest  attaches  itself 
to  the  research  of  the  brine  springs  that  is  carried  on  with 
great  spirit  in  Germany,  where  the  depths  there  attained 
are  positively  frightful,  as  much  as  2 600  feet  having  been 
reached  in  some  cases,  with  successful  results,  it  may  be 
added.  Again,  however,  this  depth  jn’oves  nothing  new, 
either  geologically  or  practically,  as  far  as  well-boring  is 
concerned ; and  the  operations  of  the  well-borers  are  prin- 
cipally worthy  of  attention  on  account  of  the  mechanical 
means  they  have  adopted  to  sink  through  the  rocks  that 
they  meet  v ith  at  such  depths.  The  great  lesson  to  be 
learned  from  the  recent  attempts  at  well-sinking  is,  however, 
that  the  first  operations  of  this  kind  are  always  attended 
with  a considerable  amount  of  uncertainty  and  risk,  and 
that,  afterwards,  the  quantity  of  water  that  may  be  attained 
is  very  liable  to  be  trenched  upon  by  the  operations  of  the 
neighbouring  landowners.  Under  these  circumstances  it 
certainly  seems  that  recourse  should  not  be  had  to  the 
means  of  supply  furnished  by  deep-seated  wells  until  all 
other  means  had  been  exhausted,  especially  when,  as  in  the 
case  of  Local  Boards  of  Health,  the  money  that  is  laid 
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out  upon  tliese  means  is  obtained  from  the  forced  contri- 
butions of  the  inhabitants.  This  consideration  was,  indeed, 
the  one  that  principally  weighed  with  Mr.  Ranger  when  he 
advised  the  town  of  Southampton  to  abandon  their  Artesian 
well  when  they  were  so  near,  as  it  proves,  attaining  suc- 
cess, but  when  the  results  of  their  operation  were  still 
involved  in  doubt,  and  it  was  impossible  to  say  with  cer- 
tainty whether  they  would  eventually  obtain  a supply  from 
that  source  or  not. 

Again,  the  author  repeats  that  the  results  of  the  deep- 
seated  wells  that  have  been  sunk  under  London  lend  addi- 
tional interest  to  the  theory  of  those  who  hold  that  city  to 
be  built  either  upon  or  near  the  carboniferous  strata ; 
and  that  from  every  appearance  there  is  great  probability 
of  the  occurrence  of  coal  somewhere  under  the  anticlinal 
line  of  the  Wealden  formations.  In  Belgium,  the  coal 
measures  are  situated  immediately  under  these  deposits, 
and  the  similarity  of  the  results  attained  on  both  sides  of 
the  Channel,  in  the  wells  of  Calais,  Ostend,  Harwich, 
and  Kentish  Town,  is  at  any  rate  remarkable,  when  taken 
in  conjunction  with  the  continuance  of  the  line  of  upheaval 
of  the  strata  through  the  Weald  valley,  the  South  Downs, 
and  on  through  the  country  to  the  appearance  of  the  coal 
in  Somersetshire,  South  Wales,  and  Ireland.  It  were  much 
to  bo  desired  that  this  question  of  the  occurrence  of  coal 
could  be  settled  by  some  deep  boring  carried  down  to  the 
lower  strata.  The  operation  would  be  one  attended  with 
great  uncertainty  as  to  the  results  ; it  would,  on  the  other 
hand,  be  certain  to  involve  a considerable  cost,  and  there- 
fore it  is  that  we  can  hardly  expect  that  it  should  be  under- 
taken at  the  expense  of  a single  individual,  particularly  as, 
by  the  state  of  the  law,  he  would  have  no  right  to  the  bene- 
fit he  might  confer  upon  the  community  ; or,  at  any  rate,  he 
would  have  no  right  to  look  for  any  advantage  for  the 
outlay  that  he  might  undertake  in  thus  ascertaining 
the  internal  composition  of  the  strata  of  the  globe,  as  every- 
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body  is  entitled  to  make  use  of  the  observations  that 
he  might  have  pursued.  The  state  of  the  law  with  respect 
to  the  discoveries  of  mining  and  Artesian  wells  is,  in  fact, 
very  discouraging  to  the  enterprise  that  might  seek 
some  interest  in  this  manner.  There  is  nothing  to 
prevent  any  neighbouring  proprietor  from  taking  advan- 
tage of  the  outlay  of  capital  that  may  be  made  in  first 
sinking  a well  through  the  strata  of  a district  to  the 
underground  sources  of  supply,  although  he  may  not  have 
incurred  any  expense  in  the  preliminary  studies  necessary 
to  ascertain  the  existence  of  the  latter.  There  ought 
to  be  something  like  a patent  right  to  ensure  the  rights  of 
those  who  incur  the  risk  and  anxiety  of  thus  ascertaining 
the  existence  of  the  supply  from  the  untried  sources.  It 
is  singular  that  this  state  of  lawlessness  prevails  in  almost 
every  country  that  the  author  is  acquainted  with,  and 
the  discoverer  of  an  Artesian  source  is  alike  without 
any  claim  to  the  monopoly  of  his  discovery  in  an}" 
of  them.  The  probable  rapid  exhaustion  of  the  supply  of 
coal  fields  with  which  England  is  threatened,  however,  may 
lead  to  the  solution  of  the  question  of  the  possibility  of  the 
existence  of  the  carboniferous  strata  in  this  district.  If  the 
strata  in  question  exist,  they  must  be  found  at  a great 
depth  ; but  there  is  every  possibility  that  the  continually 
increasing  price  of  coal  would  justify  the  attempt  at  least 
to  raise  that  material  from  a depth  equal  to  that  of  the 
Monkwearmouth  mine,  or  about  1 800  or  2 000  feet  from 
the  surface.  The  extreme  depth  that  has  been  tried  in  the 
Weald,  for  an  Artesian  supply  of  water,  or  for  coal,  is  about 
800  feet,  so  that  there  is  reason  for  continuing  the 
operation,  in  the  hope  of  the  latter  discovery,  at  any  rate. 
The  chances  of  the  first  discovery  are  very  small  indeed,  yet 
we  find  that  the  excavations  carried  on,  with  the  hope  of 
meeting  with  a spring  of  water,  are  numerous,  whilst 
those  undertaken  with  a view  to  the  discovery  of  coal  are 
few  and  far  between,  and  are  always  conducted  upon  a 
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decided  want  of  geological  principle.  Even  Sir  John 
Herscliel  was  mistaken  in  his  judgment  upon  the  borings 
that  were  undertaken  at  Bexhill,  in  Sussex,  with  the  hope 
of  finding  coal,  for  that  eminent  authority,  reasoning  upon 
the  necessary  sequence  of  the  earth’s  crust,  stigmatised  the 
folly  of  the  search  in  this  quarter  ; but  it  is  now  known 
that  this  is  not  so,  and  that  in  Belgium  and  in  France  at 
least,  the  carboniferous  strata  occupy  a very  different 
position  in  the  series  of  deposits  from  what  they  might 
have  been  expected  to  have  done.  There  is,  then,  an 
extreme  probability  that  the  search  for  coal  along  the  anti- 
clinal line  of  the  Weald  formation  would  be  ultimately 
rewarded  with  success  ; but  whoever  undertakes  to  make  it 
must  prepare  himself  for  the  chance  of  disappointment  and 
difficulty,  and  he  must  be  prepared  also  to  see  the  fruits 
of  his  labour  and  risk  ravished  from  him.  It  may  be  im- 
portant to  add  that  at  Marquise,  in  the  Pas  de  Calais,  and 
about  sixteen  miles  from  the  port  of  Calais,  the  results  of  a 
late  boring  have  been  such  as  to  prove  the  existence  at  that 
locality  of  the  coal  measures.  Surely  this  ought  to  encour- 
age the  attempt  to  find  the  same  formations  in  the 
prolongation  of  the  line  of  upheaval  of  the  Weald  on  the 
English  side  of  the  Channel,  and  thus  connect  the  South 
Wales  coal  field  with  the  North  of  Europe  deposit  of  that 
description. 

The  application  of  the  principles  of  geology  that  have 
been  ascertained  of  late  has  a singular  interest  at  pre- 
sent (in  1862),  when  there  are  many  attempts  being  made 
to  persuade  the  City  Corporation  to  incur  the  expense 
of  sinking  an  Artesian  well,  in  order  to  supply  the 
proposed  Smithfield  Meat  Market.  It  must  be  evident 
— from  what  has  been  stated  above  of  the  results  of  the 
borings  at  Calais,  Ostend,  Higligate,  and  Harwich — that  at 
any  rate  there  would  always  be  the  risk,  nay,  almost  the 
certainty,  of  positive  failure  in  seeking  for  a supply  of  water 
from  this  source.  The  greatest  chance  of  meeting  with  a 
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copious  supply  would  be  found  in  sinking  a well  on  the 
east  bank  of  the  Fleet,  and  pumping  tlie  water  obtained 
from  the  chalk  there  to  the  market.  There  is,  moreover,  a 
great  probability  that,  in  the  case  of  the  City  authorities 
obtaining  a quantity  of  water  from  this  source,  it  would  be 
found  to  be  of  a greater  degree  of  purity  than  the  water 
from  the  wells  of  the  Kent  Water-Works,  the  Gravesend, 
or  the  Booking  wells.  The  latter  differ  from  the  normal 
composition  of  chalk  waters,  inasmuch  as  they  are  highly 
charged  with  the  nitrates,  in  the  case  of  the  Kent  Water- 
Works,  and  the  chloride  of  sodium  in  the  other  cases  named. 
But  the  conditions  of  supply  to  the  underground  spring, 
on  the  east  bank  of  the  Fleet,  seem  to  promise  different 
results  from  those  that  are  met  with  in  the  cases  of  the 
other  wells ; as  the  feeding  ground  is  comparatively  free 
from  buildings,  and  there  is  not  the  same  interchange  of 
the  salts  of  the  sea  water,  which  doubtlessly  accounts  for  the 
presence  of  the  chloride  of  sodium  in  the  waters  of  Graves- 
end and  Bocking.  The  question  of  the  composition  of  the 
chalk  waters  is,  indeed,  one  that  merits  peculiar  investiga- 
tion ; there  are  rarely  found  two  districts  that  yield  waters 
of  identical  composition,  and  there  do  not  at  present  appear 
to  be  any  known  laws  affecting  the  difference  in  them. 
The  nature  of  the  water  that  is  obtained  from  the  lower 
part  of  the  valley  of  the  Fleet  is,  however,  sufficiently 
known  to  prevent  the  entertaining  dread  of  the  quality  of 
what  it  would  yield. 
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CHAPTEE  VIII. 

TUMPS  AND  APPLIANCES  FOR  RAISING  'WATER. 

As  it  is  desirable  to  make  this  work  as  practical  as  possible, 
the  space  which  might  be  taken  up  in  describing  methods 
of  raising  water  in  ancient  times,  or  those  proposed  in  our 
own,  but  which,  practically,  have  not  superseded  the 
pump,  or  common  windlass  and  bucket,  is  passed  over.  All 
elementary  books  on  hydrostatics  and  hydraulics  contain 
descriptions  of  Archimedean  screws,  endless  bands,  Jacob’s 
ladders,  Persian  wheels,  &c.  : to  such  works  the  reader 
must  therefore  be  referred.  The  common  bucket  and 
windlass  is  the  simplest  arrangement  for  raising  water 
from  wells,  and,  in  parts  of  the  country  where  wells  are 
deep,  is  used  in  preference  to  pumps,  except  where  a large 
cpuantity  of  water  is  required;  for,  as  will  be  presently 
shown,  the  common  pump  will  not  draw  water  more  than 
30  or  33  feet  at  most, — sometimes,  taking  imperfections 
into  account,  not  more  than  25, — while  the  deep-well  pump, 
from  its  situation,  rods,  rising  main,  &c.,  is  a more  expen- 
sive affair  than  the  bucket  and  windlass.  In  some  districts 
the  springs  are  within  a few  feet  of  the  surface ; here  a 
pole  with  a hook  at  the  end,  to  which  the  bucket  is  attached, 
supplies  the  place  of  the  rope  and  windlass.  Where  a 
windlass  is  used,  it  can  be  worked  either  by  hand  or  by 
horse  or  donkey  power,  the  horse-wheel  working  either 
horizontally,  as  in  the  case  of  a pug  or  clay  mill,  or  verti- 
cally, the  animal  working  from  inside  the  wheel  or  drum. 
Often  the  windlass,  though  worked  by  hand,  is  driven  by 
second  motion,  a spur-wheel  situated  on  it  gearing  into  a 
pinion  fixed  on  the  axle,  to  which  the  winch  is  attached. 
Examples  of  the  above  methods  of  raising  water  are  com- 
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mon  in  parts  of  Hertfordshire  ; they  answer  very  well  for 
small  quantities  of  water  periodically  required,  but  for 
filling  cisterns  or  reservoirs,  &c.,  are  of  little  use,  and  for 
such  purposes  pumps  are  always  adopted. 

The  principle  of  the  pump  is  very  simple ; in  its  most 
common  form,  the  pump  consists  of  a barrel  truly  cylindrical, 
into  which  fits  the  sliding  portion  of  the  pump,  or  bucket, 
as  it  is  called.  This  bucket  has  a valve  in  it  opening 
upwards  ; a similar  valve,  also  opening  upwards,  is  situated 
at  the  bottom  of  the  barrel,  which  is  called  the  sucker. 
The  action  of  the  pump  is  as  follows  : when  the  bucket  is 
drawn  up  in  the  barrel,  into  which  it  fits  air-tight,  a partial 
vacuum  will  be  formed  under  it,  more  or  less  complete 
according  to  the  perfection  of  the  apparatus ; the  valve  in 
the  bucket  will  be  kept  shut  by  the  pressure  of  the  air 
above  it,  while  the  valve  in  the  sucker  will  be  forced  up- 
wards by  the  water  rising  into  the  barrel,  which  water  is 
forced  into  the  vacuum  under  the  bucket  by  the  air  press- 
ing on  the  exposed  surface  in  the  well ; in  other  words,  by 
abstracting  the  pressure  of  the  air  from  off  part  of  the 
surface  of  the  water,  that  portion  under  the  bucket  is  forced 
upwards  by  the  pressure  on  the  remaining  portion  of  its 
surface,  just  as,  in  compressing  a bladder  full  of  any  liquid, 
the  latter  will  gush  out  at  any  aperture,  there  being  little 
or  no  resistance  at  that  point.  Supposing  the  up-stroke  of 
the  bucket  complete,  and  the  space  under  it  charged  with 
water,  on  commencing  the  down-stroke  the  water  cannot 
return  downwards  through  the  sucker,  for  the  valve  in  it 
will  be  shut  by  the  weight  of  the  water,  but  the  valve  in 
the  bucket  will  be  raised  by  the  same  effort ; thus  the 
position  of  the  water  will  be  changed  from  under  to  over 
the  bucket.  It  is  manifest  that,  on  the  up-stroke  of  the 
bucket,  the  water  resting  above  it  can  be  raised  to  any 
height  required  ; but  the  height  to  which  the  water  under 
the  bucket  can  be  thus  raised  above  the  natural  level  of 
the  well  is  limited  by  a law  of  nature  within  the  range  of 
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from  30  to  33  feet,  before  stated.  The  explanation  is  as 
follows  : the  pressure  of  the  air  on  the  surface  of  the  water 
balances  a column  of  the  latter  in  the  suction-pipe ; it 
follows,  that  if  the  height  of  the  pipe  be  such  that  the 
column  of  water  equals  in  weight  that  of  a column  of  air 
of  the  same  diameter,  and  of  the  total  height  of  the  atmo- 
sphere, the  column  of  water  would  be  pressed  upwards  no 
longer,  for  the  two  weights  would  be  in  equilibrium. 
That  the  comparison  should  be  made  with  a column  of  air 
of  the  diameter  of  the  pump,  and  not  the  total  weight  of 
the  air  pressing  on  the  whole  surface  of  the  water  in  the 
well,  will  be  understood  by  imagining  for  a moment  the 
effect  of  having  a pipe  one  square  inch  in  area,  and  of 
length  sufficient  to  contain  a quantity  of  water  greater  in 
weight  than  that  of  a column  of  air  also  one  square  inch  in 
area,  and  of  the  total  height  of  the  atmosphere  : on  filling 
this  with  water,  its  lower  end  being  open  and  immersed  in 
the  well,  the  effect  would  be  that  the  pressure  on  the  square 
inch  under  the  pipe  would  be  greater  than  the  pressure 
per  square  inch  of  the  air  on  any  other  part  of  the  surface 
of  the  water  in  the  well.  The  particles  of  the  water,  from 
their  extreme  mobility,  would  transmit  this  in  all  direc- 
tions ; the  extra  pressure  per  square  inch  being  divided 
equally  throughout  the  mass,  would  react  against  the 
total  atmospheric  pressure,  causing  the  latter  to  yield;  the 
general  level  of  the  water  will  rise  from  the  additional 
quantity  running  in,  and  this  will  continue  until  there  is 
an  equilibrium  of  pressure  per  square  inch  between  the 
water  in  the  pipe,  pressing  on  the  surface  of  the  water  in 
the  well,  and  the  pressure  of  the  atmosphere.  A com- 
parison of  the  relative  weights  of  water  and  air  would 
appear  to  warrant  our  placing  the  sucker  of  a pump  at  a 
greater  height  above  the  surface  of  the  water  in  the  well 
than  is  usually  adopted  in  practice ; but  the  imperfections 
of  the  different  parts  of  the  machinery  do  not  admit  of  its 
ever  being  carried  beyond  from  25  to  28  feet  at  the  utmost. 
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Forcing  pumps  are  used  when  the  height  to  which  the 
water  has  to  be  raised  exceeds  the  above  limits,  and  they 
may  be  of  two  kinds,  viz.,  pumps  in  which  the  column  of 
water  which  has  already  passed  through  the  piston  is  lifted 
by  it,  or  pumps  which  have  valves  at  the  feet  of  their 
rising  mains,  through  which  the  water  is  forced  at  the 
down-stroke  of  the  piston.  At  great  depths  the  former 
description  is  never  employed,  because  it  would  be  neces- 
sary to  lift  the  whole  column  of  water  at  the  up-stroke  of 
the  pump.  When  the  latter  is  used,  it  is  customary  to 
combine  the  suction  and  the  forcing  principles  as  far  as 
possible,  in  order  to  diminish  the  weight  to  be  raised. 

Generally  speaking,  the  suction  tube  is  placed  immedi- 
ately under  the  working  part  of  the  pump,  in  the  same 
straight  line,  and  the  rising  main  is  placed  by  the  side. 
Sometimes,  however,  the  pipes  are  made  continuous,  and 
the  pump  is  upon  the  side ; and  in  other  combinations  a 
single  piston  is  made,  both  to  raise  the  water  by  suction 
and  to  force  it  into  the  rising  main  at  each  up  and  down 
stroke  of  the  piston. 

When  a greater  quantity  of  water  is  required  to  be  dis- 
charged with  a continuous  flow  than  the  well  or  spring  is 
able  to  furnish,  it  is  important  to  place  the  end  of  the 
pump  under  the  surface  of  the  water,  so  as  to  ensure  a good 
reservoir  at  starting.  The  following  Table,  giving  the 
contents  due  to  one  foot  in  depth  of  water,  in  wells  of 
different  diameters,  will  be  found  to  be  useful  in  many 
calculations  respecting  their  yield  : 


Diameter. 

Contents  in 

Contents 

Diameter. 

Contents  in 

Contents 

it. 

in. 

cubic  feet. 

in  gallons. 

ft. 

in. 

cubic  feet. 

in  gallons. 

2 

0 

3-1 

19f 

5 

0 

19-6 

122 

2 

6 

4-9 

30J 

6 

0 

28-3 

176 

3 

0 

7-1 

44 

7 

0 

38-5 

239 

3 

6 

9-6 

60 

8 

0 

50-3 

313 

4 

0 

12-6 

78 

9 

0 

63-6 

396 

4 

6 

15-9 

100 

10 

0 

78-5 

489 

In  the  plunger  pump  the  bucket  is 

dispensed  with,  and  in 
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its  place  a solid  cylindrical  plunger  slides  air-tiglit  through 
a stuffing-box.  The  up  stroke  of  the  plunger  will  cause  a 
partial  vacuum  in  the  pump-barrel,  and  water  will  there- 
fore rise  into  it  through  the  lower  clack.  The  barrel  of 
the  pump  communicates  with  another  and  similar  clack 
opening  upwards ; the  down  stroke  of  the  plunger  will 
therefore  force  the  water  from  the  barrel  of  the  pump 
through  this  valve,  which,  of  course,  by  shutting,  prevents 
the  water  returning  to  the  pump.  In  addition  to  many 
other  reasons  for  employing  this  pump  in  certain  situations, 
the  little  trouble  in  attending  to  the  packing,  compared 
with  the  removal  of  the  buckets  for  the  purpose  of  putting 
fresh  leathers  on  the  clacks  of  the  other  descriptions  of 
pumps,  causes  it  to  be  a great  favourite  with  workmen. 

More  pumps  are  usually  used  in  well-work  than  one,  except 
in  very  small  wells,  where  the  motive  power  is  manual,  and 
acting  on  an  ordinary  pump-handle  : where  that  or  any 
other  force  acts  through  the  medium  of  wheel-work,  the 
irregularity  of  motion  caused  by  the  varying  resistance  of 
the  pump  is  so  great  as  to  require  the  effort  to  be  regulated 
either  by  placing  a counterweight  so  as  to  render  the  up 
and  down  stroke  of  the  pump  uniform  in  resistance,  or  to 
fix  more  than  one  pump.  The  nearest  approach  to  equality 
of  resistance  takes  place  when  three  pumps  are  used, 
worked  by  an  axle  having  three  cranks  set  at  an  angle  of 
120°  with  each  other.  When  the  power  applied  to  them  is 
uniform,  and  not  governed  by  a fly-wheel,  this  arrange- 
ment is  worthy  of  adoption.  But  a serious  objection  exists 
with  respect  to  the  use  of  three  pumps  on  the  score  of  ex- 
pensiveness, and  the  increased  friction  arising  from  the 
three  barrels,  buckets,  and  rods;  so  that,  whenever  it  is 
possible,  it  will  be  found  advisable  to  employ  two  pumps 
and  to  equalize  the  effort  exerted  upon  them  by  means 
of  a fly-wheel.  The  above  remarks,  it  must  be  remembered, 
only  apply  to  pumps  worked  through  the  intervention 
of  wheel-work. 


WELLS  AND  WELL-SINKING. 


117 


f In  tlie  case  of  large  pumping  engines,  which  act  directly 
on  the  pumps  themselves,  all  the  details  of  the  subject  are 
altered.  It  sometimes  is  desirable,  in  very  deep  wells,  to 
raise  the  water  in  separate  lifts,  that  is,  the  pumps  are 
situated  at  various  heights  up  the  shaft ; the  lowermost  one 
supplies  a cistern  from  which  the  pump  directly  above  it 
draws,  and  this  in  like  manner  feeds  the  pump  situated  in 
the  next  lift.  The  advantage  of  this  arrangement  is 
obvious.  Each  pump  has  a comparatively  small  weight  of 
water  to  raise ; a lesser  strain  is  thereby  occasioned,  and  in 
case  of  any  leakage  of  the  clacks  or  buckets,  its  effect  is 
not  so  disadvantageously  felt.  The  materials  of  which 
pumps  are  made  differ,  they  being  either  of  wood,  lead, 
iron,  brass,  or  gun-metal.  Wooden  pumps  are  now  nearly 
out  of  date ; leaden  pumps,  with  wooden  buckets  and 
suckers,  are  extensively  used  for  shallow  wells,  raising- 
water  from  ponds,  reservoirs,  &c. ; iron  pumps  are  also 
used  for  the  same  purpose,  and  also  for  fixing  in  deep 
wells ; they  are  inferior  to  brass  or  gun-metal,  as  being- 
more  liable  to  corrosion,  but  they  are  cheaper,  and  experi- 
ence has  shown  them  not  to  corrode  so  rapidly  as  might  be 
supposed ; indeed,  it  is  not  so  much  in  the  barrels  of  the 
pumps  that  corrosion  takes  place  (water  alone  having  no 
oxidating  power)  as  in  the  rods,  nuts,  screws,  and  other 
parts  exposed  to  the  joint  action  of  air  and  water.  Pump- 
rods  are  either  of  copper  or  iron ; copper  is  the  best,  but 
the  dearest,  the  iron  ones  corroding  very  fast,  especially 
where  they  pass  through  the  guides  : the  junctions  of  the 
rods  are  scarfed  and  secured  by  brass  or  iron  ferrules.  The 
rods  can  be  thus  readily  taken  asunder  by  merely  loosening 
the  ferrules,  which  is  effected  by  driving  them  with  a 
hammer  upwards.  The  guides  for  keeping  the  rods  strictly 
vertical  are  either  made  of  wooden  cleats,  or  of  brass  rollers 
bolted  to  cross  timbers  ; the  former  plan  is  the  simplest, 
and  by  many  considered  as  the  best,  for,  the  guides  being 
inexpensive,  it  is  usual  to  place  more  of  them  than  when 
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rollers  are  used,  and  is,  therefore,  usually  adopted. 
Formerly  the  distance  between  these  guides  exceeded  the 
present  practice,  but  experience  has  shown  that  a distance 
of  six  feet  is  the  most  advantageous  where  the  works  are 
not  on  a large  scale. 

In  computing  the  quantity  of  water  a pump  will  throw 
at  a given  velocity,  and  the  power  required  to  work  it,  the 
following  memoranda  will  be  found  useful. 

Cubical  Content  and  Weight  of  Water. 

1 cubic  foot  of  water  contains  6.f  gallons,  and  weighs  1 footweight. 

1 gallon  of  water  contains  0-16  cubic  foot,  and  weighs  0-16  „ 

1 pound  of  water  is  contained  in  0-1  gallon,  and  is  0-016  ,, 

1 cwt.  of  water  is  contained  in  11 ‘2  gallons,  and  is  1-8  „ 

1 ton  of  water  is  contained  in  224  gallons,  and  is  35 -84  „ 

1 footweight  or  talent  — G2|  lbs.  = 1 000  ounces. 

The  quantity  of  water  thrown  by  a pump  in  any 
given  time  will  equal  the  cubical  contents  of  the  pump- 
barrel  comprised  in  one  stroke  of  the  bucket,  multiplied 
by  the  number  of  strokes  : this  is  evident,  as  in  one  stroke 
a quantity  is  discharged  equal  in  diameter  to  the  barrel, 
and  in  length  equal  to  the  play  of  the  bucket.  Thus,  sup- 
pose a pump  3 inches  diameter,  9-inch  stroke  of  bucket, 
working  27  strokes  per  minute, — required  the  quantity  of 
water  delivered  ? To  find  the  contents  of  the  pump  we 
have  to  square  the  diameter  x by  -7854  and  then  x by  the 
length  of  stroke.  Or,  32  X 0-7854  X 9 = 63  cubic  inches 
nearly.  And  the  quantity  of  water  raised  per  minute  is 
03  X 27  = 1701  cubic  inches,  or  very  nearly  a cubic  foot, 
that  is,  very  nearly  6£  gallons.  Such  calculations,  applied 
to  large  pumps,  would  have  all  the  terms  in  feet  instead  of 
inches.  In  ascertaining  the  power  necessary  for  working 
the  same,  it  must  be  borne  in  mind  that  the  resistance 
opposed  to  motion  is  the  friction  of  the  bucket  and 
other  moving  parts,  the  weight  of  the  rods  unless  they  are 
counterbalanced,  and  the  weight  of  the  water  moved.  The 
weight  of  the  latter,  whatever  be  the  diameter  of  the  pipes 
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to  or  from  the  pump,  is  equal  to  that  of  a cylindrical 
column  the  diameter  of  the  pump-barrel,  and  in  height 
equal  to  the  distance  from  the  surface  of  the  water  in  the 
well  to  that  of  the  reservoir  into  which  it  is  delivered  ; in 
other  words,  the  total  height  raised.  The  friction  of  the 
working  parts  depends  on  various  circumstances,  and  that 
of  the  water  on  the  material  and  size  of  the  rising  main, 
suction  pipes,  &c. : one-fifth  the  total  weight  of  water  is 
usually  allowed  for  friction,  and  though  it  is  manifestly 
absurd  to  so  make  it  a fraction  of  the  weight  of  the  water 
when  it  really  depends  on  other  matters,  yet  the  above  rule 
is  sufficiently  accurate  in  practice  to  ensure  adequate  power. 

The  above  calculation  only  applies  to  the  resistance 
to  motion ; that,  together  with  the  speed  at  which  the  work 
is  done,  really  is  the  test  of  the  power  required  : multiply- 
ing, therefore,  the  total  resistance  by  the  speed  per  foot 
per  minute  that  the  pump-bucket  raises  the  water,  the 
result  will  be  an  amount  by  which  to  compare  the  relative 
power  of  the  prime  mover,  whose  useful  effect  multiplied 
into  its  speed  per  foot  per  minute  must  exceed  that  of  the 
work  done.  Commercially  it  is  allowed  that  a dead  weight 
of  33,000  lbs.,  raised  one  foot  per  minute,  shall  equal  a 
horse-power  ; a comparison  is  therefore  at  once  established 
by  which  to  measure  the  work,  and  also  to  provide  the 
power.  We  will  proceed  to  apply  the  above  datum  to  the 
preceding  example,  supposing  the  total  height  the  water  is 
to  be  raised  is  99  feet,  and  employing  the  following  approxi- 
mation, viz.,  that  the  number  of  pounds  of  water  avoirdupois 
contained  in  each  yard  of  pipe  is  equal  to  the  square  of  the 
diameter  of  the  pipe  in  inches. 

In  99  feet  are  33  yards,  which,  multiplied  by  3 squared, 
or  9 = 297  lbs.  The  bucket  makes  27  strokes  per  minute! 
moving  the  column  of  water  each  stroke  97,  in  all 
27  x 9"  = 243  inches,  or  20  feet  3 inches  per  minute 
Multiplying  the  resistance,  297  lbs.  x 20  speed  in  feet  per 
minute,  we  have  = 5 940  lbs.,  moved  over  one  foot  per 
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minute.  Add  for  friction,  say  1 000,  and  6 940  lbs.  will  be 
the  momentum  required  in  the  prime  mover,  or  rather  more 
than  one-fifth  of  a horse-power. 

Should  it  be  required  to  know  whether  a man,  acting  on 
a winch  connected  by  wheel-work  with  the  above  pump, 
can  work  it,  the  comparison  is  easily  made.  Suppose  the 
revolutions  made  by  the  winch  50  per  minute,  the  distance 
travelled  by  it  in  one  revolution  four  feet,  and  the  man’s 
force  continually  acting  throughout  the  revolution  to  be  a 
pressure  equal  to  40  lbs.  ; we  have  40,  the  force,  multiplied 
by  4,  the  distance  of  one  revolution,  equal  to  160,  multi- 
plied by  50,  the  number  of  revolutions,  equal  to  8 000  lbs., 
moving  over  one  foot  per  minute,— an  amount  quite  suffi- 
cient to  work  the  pump. 

The  size  of  the  pumps  and  number  of  them,  being  deter- 
mined, the  prime  mover  is  the  next  question.  In  all  cases 
where  a continuous  supply  of  water  is  required,  or  where 
large  cisterns  are  to  be  filled,  manual  labour,  even  for 
small  pumps,  will  be  found  the  worst  and  dearest.  Water 
power  is  seldom,  for  obvious  reasons,  applicable.  Wind 
can  sometimes  be  applied,  and,  where  it  can  be  depended 
on,  will  supersede  all  others ; but  it  is  only  in  peculiar 
situations  that  it  can  be  trusted.  The  above  motive  powers, 
however,  all  give  place  to  steam,  which  can  be  used  under 
all  circumstances.  On  a large  scale,  the  use  of  steam  is 
sufficiently  extensive  ; but  its  advantages  in  superseding 
manual  labour  in  filling  cisterns,  &c.  have  not  hitherto 
been  sufficiently  appreciated.  The  work  can  be  done  much 
more  rapidly,  and  it  is  nearly  self-evident  that,  even  with 
such  a small-sized  pump  as  the  one  alluded  to  in  the  fore- 
going examples,  a man’s  time  is  better  applied  in  tending 
a small  engine  for  three  or  four  hours  than  in  slaving  like 
a machine  for  double  or  treble  the  time.  It  is  clear  he 
must  rest,  while  the  engine  never  tires;  and  equally  so, 
that  he  who  tends  the  engine  is,  after  pumping,  an  intelli- 
gent servant,  fit  for  other  work,  while  he  who  performs  the 
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functions  of  a machine  is,  by  the  very  nature  of  the  work, 
unfitted  for  any  higher  occupation. 

When  pumps  are  applied  to  an  existing’  horse-wheel — ■ 
I say  existing,  for  few  now  choose  horse-power  in  pre- 
ference to  steam,  unless  the  wheel  is  already  erected— the 
number  of  revolutions  of  the  wheel  should,  by  a train  of 
toothed  wheels,  be  so  proportioned  as  to  work  the  pumps 
at  the  speed  best  suited  to  them.  This  velocity  depends 
greatly  on  the  size  of  the  suction  and  delivery  pipes  ; the 
larger  the  pipes,  the  quicker  may  be  the  motion.  The  size 
of  the  pumps,  and  the  height  of  the  lifts,  must  be  taken 
into  account.  When  pumps  work  too  quickly,  they  are  apt 
to  jerk,  and  are  sure  to  strike  their  clacks,  with  great  force, 
into  their  seats  ; when  too  slowly,  the  motion  of  the  pump 
becomes  quivering.  The  following  examples  may  be  cited 
to  illustrate  the  variations  of  speed  admitted  in  practice. 


Situation. 

Hampstead  Water-Works 
Kilburn  Brewery 
Camden  Station 
Kingsbury 


No.  of  effec- 
SizeofPump.  tive  strokes, 

2'’3"  stroke  9"  diam.  15 

9 ,,  3 „ 18 

2'0  ,,  8 inches  20 

8 ,,  3"  diam.  24 


W hen  steam  is  applied  to  pumping,  if  the  machine  be 
laige  enough,  it  should  be  applied  directly  to  the  pump,  or 
through  the  intervention  of  a beam  alone : this  arrange- 
ment is  adopted  in  the  ordinary  pumping  engine,  both 
with  forcing  and  lifting  pumps.  The  motion  of  the  Cornish 
engine  is  single-acting,  that  is  to  say,  the  steam  only  acts 
on  the  piston  during  its  down-stroke,  the  weight  of  the 
pump-rods,  &e.,  acting  on  the  opposite  end  of  the  beam 
completing  its  up-stroke.  The  single-acting  engine  has 
one  disadvantage  when  working  a single-lifting  pump 
situated  m a deep  well ; that  is,  a certain  amount  of  power 
is  consumed  m raising  the  pump-rods;  and  this  can  be 
obviated  m many  ways.  The  one  generally  adopted  is  as 
° ows  the  work  being  divided,  say  into  two  lifts,  for  the 
lower  a liftmg-pump  is  used,  and  for  the  upper  a forcing 
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or  plunger-pump,  similar  in  principle  to  the  feed-pump  of 
a steam  boiler.  The  acting  stroke  of  the  plunger  being 
the  down-stroke,  the  power  required  in  previously  lifting 
the  pump-rods  is  not  lost,  inasmuch  as  in  their  down-stroko 
the  power  is  returned  to  the  work.  The  up  and  down 
stroke  of  the  piston  may  be  thus  represented,  omitting 
friction : the  down-stroko  of  the  piston  raises  the  pump- 
rods  and  weight  of  water  on  the  lower  lift,  and  on  the 
upper  lift  as  far  as  the  plunger-pump  sucker ; the  down- 
stroko  of  the  pump-rods  raises  the  piston,  and  forces  the 
water  from  the  plunger-pump  to  the  top  of  the  lift : thus, 
in  effect,  the  only  work  done,  if  the  lifts  be  so  arranged, 
is  in  raising  the  water,  and  an  amount  of  counterbalance 
sufficient  for  raising  the  steam  piston.  'When  plunger- 
pumps  are  used,  wrought-iron  rods  are  dispensed  with, 
the  rods  being  in  a state  of  compression,  and  if  of  wrought 
iron,  unless  inconveniently  large,  would  spring  and  buckle  ; 
wooden  rods  or  poles  are  therefore  adopted.  Cast-iron 
rods  have  been  tried,  but  not  with  the  same  success  as 
wood,  taking  into  consideration  the  relative  strength,  light- 
ness, and  durability  of  the  two  materials.  When  small 
pumps  are  worked  by  steam,  the  plan  of  engine  above 
alluded  to  is  seldom  used,  on  account  of  the  complication, 
first  cost,  and  wear  and  tear  : a steam-engine  of  the  ordi- 
nary construction  working  the  pumps  at  a less  velocity 
than  the  steam  piston  is  found  to  answer  the  purpose 
bettor,  though  an  increased  expenditure  of  fuel  is  attendant 
on  the  choice.  Sometimes  the  speed  is  brought  down  by 
intervening  wheel-work,  as  illustrated  by  the  engine  at  the 
Hampstead  Water- Works,  Hampstead  Heath,  and  also  by 
the  engine  at  the  well  at  Kingsbury.  At  other  times  the 
speed  of  the  pumps  is  reduced  from  that  of  the  steam 
piston  by  giving  the  latter  a longer  stroke  than  the  pump- 
buckets  or  plungers  have.  An  example  of  this  is  to  be 
found  in  the  works  at  the  Camden  Station. 

When  a well  is  completed  as  regards  its  digging,  stein- 
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ing,  boring,  fixing  of  pumps,  engine,  &c.,  the  care  of  the 
works  is  a matter  of  more  importance  than  owners  usually 
think.  Periodical  visits  should  be  paid  to  the  pumps,  for 
the  purpose  of  ascertaining  their  condition,  and  keeping 
in  order  the  clacks,  buckets,  stuffing-boxes,  and  various 
moving-  parts,  greasing  such  as  require  lubrication,  &c.  A 
permanent  windlass  should  always  be  fixed,  or  iron  ladders, 
to  give  access  to  the  well.  An  apparatus  for  blowing  fresh 
air  down  the  well,  if  it  is  at  all  deep,  should  be  provided ; 
and  the  simplest  machine  for  this  purpose  is  a kind  of 
wooden  air-pump,  consisting  of  a vertical  square  box,  open 
at  the  top,  and  at  the  bottom  connected  to  pipes  leading 
down  the  well.  In  this  box,  loosely  fitting,  slides  a piston, 
or  pump-bucket,  made  of  a piece  of  flat  wood,  with  one  or 
more  holes,  covered  on  the  under  side  by  a leather  flap,  or 
valve,  which  opens  a little  way  downwards.  During  the 
up-stroke  of  this  bucket  the  air  merely  changes  its  position 
from  the  top  to  the  under-side  of  the  bucket ; during  the 
down-stroke  the  valve  or  flap  closes ; the  air,  therefore,  will 
be  forced  down  the  pipe  leading  to  the  well.  In  addition  to 
these,  some  method  should  be  adopted  for  ascertaining  the 
water-level,  which  varies,  generally,  by  the  pumping;  a 
float  on  the  water,  attached  to  a wire,  which,  in  its  turn,  is 
secured  to  a string  passing  round  a pulley,  will  suffice  for 
this  purpose.  A pressure  gauge,  such  as  that  used  for  a 
steam  boiler,  is  the  most  perfect  arrangement  for  this  pur- 
pose, though  more  expensive.  The  mode  of  application 
consists  in  leading  a pipe  from  the  gauge  down  to  tho 
bottom  of  the  water  in  the  well.  If  this  pipe  be  filled  with 
air,  by  means  of  a small  pump,  the  air  will  necessarily  be 
compressed  more  or  less,  according  to  the  height  of  water 
above  the  aperture  of  the  pipe.  This  compressed  air,  re- 
acting on  the  mercury  in  the  gauge,  will  correctly  measure 
the  depth  of  water.  Were  it  not  for  leakage,  and  tho 
absorption  of  the  air  by  the  water,  the  pump  would  not  be 
necessary,  the  pipe  alone  would  suffice. 
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THE  QUALITIES  OF  "WATER. 

The  object  in  sinking  a well  is  twofold  : first,  tliat  water 
may  be  procured  in  sufficient  quantity  within  a convenient 
distance  from  tlie  place  of  consumption ; second,  that  the 
quality  of  the  water  shall  be  sufficiently  good  for  the  in- 
tended purpose.  After  all  the  labour  expended  in  sinking 
a well,  the  yield  of  water  may  not  only  be  extremely  small, 
but  defective  in  quality,  owing  to  its  impregnation  with 
saline  or  other  inorganic  matter ; or  the  well  may  be 
so  placed  as  to  be  liable  to  contamination  by  organic 
matter,  and  then  yield  eventually  an  unwholesome  supply ; 
in  either  case  the  result  may  be  so  bad  as  to  render  it  ad- 
visable or  imperative  to  close  the  well.  It  hence  becomes 
necessary  to  the  well-sinker  to  have  some  knowledge  of  the 
various  qualities  and  properties  of  water,  and  the  re- 
quirements in  this  respect  that  must  be  kept  in  view  while 
seeking  a supply  of  water  intended  for  a special  object. 

The  uses  to  which  water  may  be  applied  determine  the 
degree  of  purity  or  special  qualities  necessary;  these  may 
be  thus  distinguished. 

1st.  Potable  water,  for  drinking,  cooking,  or  preparing 
food,  and  washing  cooking  vessels,  making  potable 
liquids,  or,  as  medical  men  say,  for  internal  use 
in  any  way  admitting  of  its  absorption  or  assimila- 
tion into  the  human  sj^stem  internally. 

2nd  Washing  water  for  baths,  lavatories,  cleansing 
household  linen,  or  laundry  work,  and  for  use  in  any 
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-way  admitting  of  its  absorption  into  tbe  human 
system  externally. 

3rd.  Flushing  water,  for  flushing  or  washing  floors, 
scrubbing  buildings,  flushing  drains,  sewers,  closets, 
latrines,  urinals,  &c.,  watering  roads  and  streets. 

4th.  Water  for  the  supply  of  horses,  cattle,  birds,  and 
other  animals. 

5th.  Factory  and  engine  water,  for  use  in  industrial  arts 
and  manufactures,  in  boilers  of  steam-engines,  &c. 

6th.  Irrigation  water,  for  purposes  of  agriculture. 

Impressions  with  regard  to  Drinking  Water. — Treating 
potable  water  first  in  order,  from  the  higher  degree 
of  purity  in  it  necessary,  it  may  be  noticed  that  per- 
fectly pure  water  rarely  exists  in  nature.  It  is  believed 
that  at  some  places,  notably  the  water  of  some  springs 
near  Darjeeling,  on  the  Eastern  Himalayas,  absolute  purity 
of  water  does  exist,  from  the  reason  that  chemical  science 
fails,  at  present,  to  detect  any  impurity  in  it,  and  that 
it  is  sufficiently  pure  for  all  photographic  purposes  without 
distillation.  Even  rain-water  is  not  delivered  in  a per- 
fectly pure  state,  as  it  carries  with  it  the  impurities  and 
particles  of  dust,  carbon,  insects,  organisms,  fumes,  &c., 
existing  in  the  air ; and  further  as,  during  collection  in 
some  vessel,  tank,  or  roof,  it  acts  as  flushing  water  in 
cleansing  the  collecting  vessel,  it  also  collects  all  the  im- 
purities, dust,  moss,  fungoids,  &c.,  that  exist  on  the  latter. 
Nominally,  pure  potable  water  may  be  manufactured  by 
the  process  of  distillation,  and  aerated  to  make  it  palatable, 
but  even  then  it  is  liable  to  impurity  from  contact  during 
these  processes.  Pure  water,  like  the  perfect  human  being, 
is  an  idealism  to  which  we  may  tend  but  cannot  reach. 

The  impurities  in  water  are  of  two  kinds  : 1st,  inorganic, 
gaseous,  and  mineral,  now  admitting  of  detection  and 
quantitative  assignment  with  exactitude  under  chemical 
analysis ; 2nd,  organic,  living  or  dead  vegetable  and  animal 
organisms,  their  excreta,  spores,  seeds,  or  germs  : such 
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impurities  of  either  class  may  be  harmless,  noxious,  or 
positively  poisonous  to  the  human  system.  A distinction 
must  also  necessarily  be  drawn  between  original  impurity, 
or  impurity  existing  at  the  source  of  supply,  g,nd  acquired 
impurity,  accumulated  during  transit,  delivery,  distribution, 
or  use. 

Spring- water  is  naturally  considered  superior  for  drink- 
ing purposes  to  any  water  obtained  from  surface  collection, 
from  open  river-channels,  reservoirs,  or  lakes.  It  has 
undergone  a process  of  natural  filtration  in  the  geologic 
strata  through  which  it  has  permeated,  and  at  the  source  is 
free  from  the  liability  to  contamination  from  which  river- 
water  and  lake-water  suffer.  As  a rule,  spring-water  is 
bright,  sparkling,  and  well-aerated,  or,  as  ladies  say,  it 
looks  pretty  : such  a test,  however,  is  utterly  valueless,  as 
pretty  water  is  sometimes  deadly,  and  often  unwholesome. 
The  principle  of  “the  nearer  the  source,  the  purer  the 
water,”  may  be  mainly  true,  but  is  not  absolutely 
correct.  The  flow  of  water  along  a course  of  open  channel 
often  enables  its  original  inorganic  impurities  to  be 
deposited,  or  partly  neutralised,  while  if  any  organic 
impurity  is  introduced  in  such  a course,  this  may  be 
partly  oxidised,  assimilated  by  vegetation,  or  neutralised 
by  the  soil  of  the  channel  during  flow  in  a certain  distance 
from  the  place  of  contamination.  Hence  the  above- 
mentioned  principle  may  err  greatly,  not  only  with  regard 
to  purity,  but  also  if  asserted  to  hold  with  reference  to 
wholesomeness. 

For  instance,  lot  the  Londoner,  disgusted  with  Thames 
water,  its  complicated  relays  of  filth,  and  the  professional 
hypocrisy  that  declares  it  pure  and  innoxious,  pay  a visit 
to  some  of  the  charming  hill  districts  of  North  Wales 
during  their  most  attractive  season  : he  sees  grassy  hill- 
sides, healthy  herbage  with  grateful  perfume,  clear  tarns, 
somo  peat-fields,  or  moss.  The  population  and  the  agri- 
culture amount  to  nearly  nothing  : some  sheep,  an  occasional 
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shepherd  and  dog,  and  traces  of  a few  miners’  burrowings, 
or  prospective  claims,  perhaps  long  deserted.  He  thinks 
that  with  such  surroundings  the  beautiful  bounding  water 
of  the  hill-side  rill  must  be  certainly  wholesome,  and 
perhaps  nearly  pure  : he  drinks,  and  is  afterwards  seized 
with  severe  lead-colic. 

A similar  trial  of  some  very  pretty  bubbling  springs  in 
various  parts  of  England  may  cause  illness,  clearly  trace- 
able to  excess  of  inorganic  matter  in  their  waters,  salts, 
magnesia,  &c.,  or  impregnation  with  gas.  In  such  cases 
of  serious  ill  effect  due  to  invisible  inorganic  impurity  in 
pretty  water,  the  analyst  could  detect  and  quantitatively 
determine  the  noxious  constituents. 

Taking  another  type  of  spring-water  for  illustration. 
Very  recently  the  Lambeth  Water- Works  Company  were 
daily  drawing  two  million  gallons  of  spring-water,  partly 
derived  from  about  ten  square  miles  of  the  gravel  subsoil 
at  Molesey.  It  was  supposed  that,  as  it  had  undergone  a 
process  of  natural  filtration  in  the  gravel  strata,  it  was 
wholesome.  In  this  case  the  skill  of  the  professional 
analysts  and  chemists  was  brought  into  use.  After  thorough 
investigation  they  pronounced  it  to  be  pure  and  wholesome 
water  ; the  water  was  therefore  used  as  drinking’  water  for 
some  time.  Yet  further  examination  and  inquiry  resulted 
in  a belief  that  the  water  was  very  bad  and  dangerous,  and 
at  last  some  one  pointed  out  that  it  was  actually  con- 
taminated by  sewage  from  several  cesspools  situated  on 
the  area  whose  subsoil  was  drawn  on.  Eventually  the  water 
was  condemned  by  I)r.  Tidy  as  unfit  for  drinking  purposes. 
In  this  case  thoroughly  certified  spring-water  was  actually 
dangerous. 

E very  Londoner  is  aware  of  the  custom  of  water  com- 
panies in  employing  analysts  to  give  monthly  certificates  of 
the  purity  of  the  waters  supplied  by  them.  It  may  be  a 
harmless  custom  apart  from  its  deception  in  deluding  the 
ignorant.  These  analysts  can  determine  the  amount  of 
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mud,  lime,  and  all  tlie  inorganic,  mineral,  and  gaseous 
constituents  of  these  waters  to  a nicety,  and  can  truthfully 
assert  a chemical  purity,  or  a degree  of  chemical  purity : 
the  public  imagine  that  this  also  means  perfect  wholesome- 
ness, and  is  thus  conveniently  blinded. 

The  perfect  wholesomeness  of  water  is,  however,  de- 
pendent also  on  its  freedom  from  organic  impurities, 
organisms,  spores,  &c.  These  being  mostly  of  very  minute 
form,  and  largely  composed  of  water  and  other  matters,  are 
destroyed  or  partly  lost  in  the  processes  of  the  water- 
analyst  : their  presence  can,  therefore,  rarely  be  detected 
by  him.  Minute  quantities  of  highly  diluted  and  partly 
decomposed  animal  excreta,  which  constitute  organic  im- 
purity in  the  most  dangerous  form,  baffle  him  entirely. 

Under  these  circumstances  the  most  natural  step  in  pro- 
gressive knowledge  of  the  qualities  of  water  is  to  refer  to 
the  morbid  anatomist  and  microscopic  biologist.  Scientific 
men,  as  represented  in  the  special  type  to  which  Drs.  Lan- 
kester,  Bedfern,  Hassall,  Tyndall,  Sanderson,  and  Pasteur 
belong,  are  intimate  with  the  habits  and  conditions  of 
existence  and  destruction  of  a largo  number  of  minute 
organisms,  animal  and  vegetable,  in  a perfect  and  in 
embryotic  state.  Such  men  are  unfortunately  very  few, 
their  investigations  are  laborious  and  lengthy,  besides 
being  sometimes  uncertain  in  result.  Much,  therefore,  as 
it  might  be  wished  to  entrust  all  periodical  examinations 
of  supplies  of  drinking  water  to  eminent  microscopic  biolo- 
gists, this  can  hardly  be  hoped  for  as  long  as  the  public 
remain  satisfied  with  the  speedy  and  delusive  results  offered 
by  the  analyst.  Besides,  the  science  of  the  microscopic 
biologist  is  yet  hardly  sufficiently  advanced  for  such  pur- 
poses : it  is  very  doubtful  whether  he  can  detect  at  all 
many  of  the  most  noxious  germs  that  exist  in  impure  water, 
or  even  render  a good  account  of  them. 

Hence,  after  accepting  all  the  partial  information 
afforded  by  the  ordinary  water-expert,  the  water-analyst, 
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and  the  microscopic  biologist,  the  sum  total  is  inadequate, 
useful  though  it  undoubtedly  is. 

To  the  question  then  arising,  “ What  next  can  be  done  ? ” 
it  may  be  replied  that  only  two  courses  remain.  One,  direct 
experiment  on  the  human  being  in  the  form  of  observation 
of  the  effects  of  impure  water  in  producing  disease,  sick- 
ness, and  death  ; the  other,  careful  selection  of  pure  sources 
of  water  supply,  and  avoidance  of  subsequent  contamina- 
tion. The  former  is  the  province  of  the  medical  man,  the 
latter  that  of  the  civil  and  hydraulic  engineer. 

The  whole  is  therefore  a complicated  matter,  calling  forth 
the  energies  of  four  professions. 

Natural  Appearances  and  Indications. — Taking  first  in  order 
the  natural  appearance  of  water  and  the  evidences  to  our 
unaided  senses  that  enable  or  help  us  to  judge  of  its  fitness 
for  drinking. 

The  turbidity  of  water  or  its  freedom  from  turbidity  is 
perhaps  the  first  quality  to  be  noticed  ; muddy,  or  as  it  is 
often  termed,  dirty,  water  may  be  objectionable.  It  is 
true  that  one  does  not  wish  to  drink  mud,  and  that 
some  slimes  are  exceedingly  foul,  being  the  breeding 
ground  of  a host  of  aqueous  organisms  ; hence  it  is 
necessary  to  allow  muddy  water  to  settle  and  deposit 
its  sediment,  and  to  draw  off  the  clear  water  before  using 
or  treating  it  in  any  way.  It  would,  however,  be  a great 
mistake  to  reject  all  muddy  water  as  utterly  unfit  and 
finally  as  useless  for  drinking. 

The  process  under  which  suspended  matters  are  precipi- 
tated is  a very  simple  but  an  exceedingly  useful  one.  The 
finely  divided  earth,  whether  clay,  loam,  or  sand,  carries 
with  it,  in  falling,  a very  large  amount  of  organic  impurity 
(provided  it  exists),  and  thus  cleanses  the  water.  Hence, 
in  dealing  with  strange  drinking  water,  it  is  a safe  process 
to  mix  some  clean  earth  with  it,  to  stir  it  up,  and  render  it 
as  muddy  as  possible,  and  then  allow  it  to  settle  and 
clarify  itself  before  using  it  for  drinking.  In  this  process 
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one  provides  a liomc  for,  or  conveniently  localises,  a large 
proportion  of  the  organisms  and  animalcules  that  may 
possibly  have  been  roaming  in  the  water.  All  slime 
resulting  from  any  corresponding  process,  as  that  from  tho 
depositing  beds  of  large  waterworks,  should  invariably  be 
burnt  or  incinerated  : it  is  a most  dangerous  substance,  even 
its  exhalations  may  be  deadly. 

The  turbidity  of  water  is,  as  thus  shown,  not  a serious 
objection,  unless  either  the  mud  itself  be  foul  or  semi-pu- 
trescent, as  in  stagnant  water,  ponds,  pools,  marshes,  and 
lagoons,  left  to  stagnate  for  a few  months  in  the  year, 
disused  wells,  or  unless  the  mud  has  been  contaminated 
by  excreta,  or  is  partly  composed  of  decomposing  vegetable 
matter. 

Proceeding  to  the  transparency  or  translucence  of  water 
— this  is  certainly  advantageous,  for  the  negative  reason 
that  opacity  shown  by  a milky  tinge  is  or  may  be  indicative 
of  most  serious  defect,  drainage  from  corpses,  old 
cemeteries,  churchyards,  or  ancient  burying  grounds. 
Such  water,  sacred  though  it  may  be  from  the  consecration 
of  its  locality,  or  from  being  named  as  a holy  spring  or  of 
holy  reputation,  is  yet  most  deadly.  The  opacity  of  water 
may  in  many  cases  be  due  to  some  other  cause,  but  unless 
some  scientific  man  has  clearly  traced  it  to  some  harmless 
origin,  the  water  should  be  scrupulously  avoided.  The  ab- 
sence of  opacity,  shown  by  an  extremely  pure  blueness  of 
colour  when  in  large  quantity,  is  one  of  the  most  valuable 
of  the  simple  evidences  of  pure  water,  that  is  to  say,  it 
affords  good  evidence  as  far  as  it  goes. 

The  brilliancy  or  sparkling  quality  of  water  may  be  due 
either  to  fixed  air,  gas,  volatile  or  mineral  constituents,  and 
being  certainly  an  evidence  of  the  absence  of  stagnation  is 
therefore  advantageous.  As  it  is  seldom  that  sparkling 
water  tastes  flat,  this  is  therefore  pre-eminently  the  ladies’ 
test  of  drinking  water,  but  it  is  valueless  as  a test  of  its 
wholesomeness. 
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Freedom  from  smell  is  certainly  an  advantageous 
quality ; a putrescent  smell  may  indicate  either  actual 
decomposition  or  the  presence  of  sulphuretted  hydrogen  or 
other  objectionable  gases  in  the  water.  Most  water  having 
no  appreciable  smell  when  fresh  drawn,  it  is  a good  plan 
to  keep  a sample  of  it  in  a moderately  warm  place 
in  a clean  bottle  filled  three-quarters  full  and  well  corked 
with  a clean  cork.  If  after  a few  days  there  is  no 
perceptible  odour  on  uncorking  the  bottle,  and  the  original 
colour  of  the  water  bo  not  impaired,  it  may  be  said  to 
have  stood  well  the  smell-test. 

Last,  the  taste  of  water.  An  insipid  taste  affords  no 
evidence  of  impurity  or  unwholesomeness.  Pure  distilled 
water  and  clean  rain-water  taste  flat ; this  being  due  to 
the  absence  of  air,  gas,  and  volatile  constituents,  usually 
present  in  spring  and  river  water.  A bitter  taste  in  water 
is  generally  ascribed  to  the  presence  of  vegetable  organic 
carbon,  or  is  considered  due  to  organic  impuritv  from  a 
vegetable  source— such  as  decayed  leaves,  rotten  wood, 
dead  marsh-plants,  &c.  A pure  soft  taste  (not  exactly 
sweet,  though  often  so  termed)  is  almost  an  indispensable 
accompaniment  to  wholesome  water.  A positively  and 
unmistakably  unpleasant  taste  in  any  water,  after  the  re- 
moval of  sedimentary  deposit  (as  before  mentioned  on 
page  129),  is  quite  sufficient  cause  for  condemning  it  en- 
tirely as  potable  water,  however  well  it  may  have  stood  all 
other  ordinary  tests. 

The  forementioned  qualities  — turbidity,  transparency, 
colour,  brilliancy,  odour,  and  taste— may  be  supposed  to 
be  within  the  powers  of  discrimination  or  discernment  of 
most  persons,  or  certainly  of  a great  number  of  persons. 
It  is  generally  believed  that  most  persons — with  the  few 
exceptions  of  extreme  cases  of  colour-blindness,  defective 
palates,  &c.— are  m full  possession  of  the  faculties  of  sight, 
smell,  and  taste.  This  is  a popular  delusion  ; most  persons 
are  merely  endowed  with  such  faculties  to  an  extent  suffi- 
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cient  for  carrying  on  tlie  coarser  requirements  of  animal 
existence,  ordinary  labour,  and  trade : a higher,  or  even  a 
full  development  of  such  faculties,  arriving  at  a moderate 
or  a refined  power  of  discrimination,  is  comparatively  rare, 
and  is  generally  due  to  continued  and  extended  use  of  such 
faculties,  either  in  the  individual,  the  family,  the  class,  or 
the  race  to  which  he  belongs,  or  in  several  ways.  The 
amount  of  discriminative  power  required  for  judging  slight 
differences  of  colour,  taste,  smell,  transparency,  &c.,  in 
potable  waters,  is  beyond  that  possessed  by  most  people ; 
hence  it  is  best  to  relegate  such  matters  to  those  that  have 
such  power,  and  in  many  cases  to  those  accustomed  to  deal 
with  them. 

Testing  for  Traces  of  Impurities. — The  following  are  the 
chemical  re-agents  commonly  used  in  testing  water  for 
traces  of  inorganic  impurity  of  various  sorts,  any  turbidity 
produced  by  them  affording  proof  of  the  existence  of  the 
corresponding  substance  in  the  attached  list : — 


Rc-agcnt. 
Oxalate  of  ammonia 
Lime  water 
Nitrate  of  silver 
Chloride  of  barium 


Inorganic  Impurity. 
for  Salts  of  calcium,  lime, 
for  Carbonic  acid, 
for  Chlorine  or  chlorides, 
for  Sulphur  or  sulphates. 


Hydrosulphuret  of  ammonium,  1 for  (Metallic  substances,  iron,  copper, 
sulphuretted  hydrogen  1 ( zinc,  lead,  and  organic  matter. 

Dilute  sulphuric  acid  for  Barium. 

A solution  of  peroxide  of  hy- 1 for 
drogen  J 


Arsenic  is  detected  by  Marsh’s  process. 

The  bleaching  of  a solution  of  permanganate  of  potassium  affords 
evidence  of  the  presence  of  nitrites  or  of  nitrogen. 


The  total  amount  of  solid  ingredients  contained  in  water 
may  generally  be  roughly  arrived  at  by  evaporating  to 
dryness  in  a platinum  vessel  a known  quantity  of  it,  and 
weighing  the  dry  residue  ; but  this  method  is  inexact  when 
earthy  chlorides  and  sulphates  are  present. 

Tho  hardness  of  water  may  be  judged  of  by  the  soap 
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test ; by  pouring  in  an  alcoholic  solution  of  soap,  and 
noticing  the  amount  of  it  curded,  or  by  the  amount  of 
lather  yielded  in  it  by  soap  in  comparison  with  that  afforded 
by  the  same  amount  of  soap  in  water  of  approximately 
known  hardness.  This  quality  of  hardness  or  softness  is 
not  only  important  from  an  economic  point  of  view,  in 
saving  soap  in  washing-water;  softness  is  important  in 
drinking  and  in  cooking  water — its  effect  in  making  tea  is 
very  marked — and  in  factory  work,  and  in  boilers  of  steam- 
engines,  it  is  no  less  great,  from  diminishing  the  amount  of 
fur  or  incrustation  from  repeated  boiling. 

Despatch  of  Water  to  the  Analyst. — The  foregoing  are  the 
modes  of  testing  qualities  of  water  within  the  powers  of 
nonprofessional  persons : when  anything  further  is  re- 
quired it  is  usual  to  forward  samples  of  water  to  an 
analyst.  Such  samples  should  be  carefully  taken  and 
placed  in  thoroughly  clean  bottles  (washed  with  sulphuric 
acid,  and  afterwards  much  rinsed),  having  clean  stoppers 
or  new  corks,  and  properly  sealed : half  a dozen  bottles 
nearly  full  are  enough  for  a single  sample.  They  should 
be  accompanied  by  a short  account  of  the  time,  place,  and 
circumstances  under  which  they  were  taken,  and  details  of 
any  conditions  or  surroundings  that  might  affect  their  com- 
position or  ingredients,  noticing  more  especially  whether 
any  suspected  contamination  is  of  vegetable,  animal,  or 
mineral  origin. 

In  asking  an  analyst  for  an  exhaustive  quantitative 
analysis  of  samples  of  water  forwarded  to  him,  it  must  be 
borne  in  mind  that,  besides  receiving  the  tribute  of  a high 
compliment,  he  is  required  to  spend  his  hard-gained  skill 
in  operations  that  may  extend  over  several  weeks ; and 
that  his  results,  though  actually  comprising  an  estimation 
of  organic  residue,  or  residue  of  organic  matter,  do  not 
estimate  the  whole  organic  impurity,  but  are  really  con- 
fined to  but  lit  tie  beyond  a good  estimation  of  inorganic 
substances.  It  is,  therefore,  more  usual  to  limit  the  de- 
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mands  on  tlie  analyst  to  the  quantitative  determination  of 
certain  well-known  special  substances,  and  to  state  the 
special  purpose,  whether  for  drinking-,  washing,  or  manu- 
facture, for  which  the  water  is  required,  thus  dispensing 
with  needless  research  and  labour.  As  the  processes  of 
various  analysts  differ,  it  is  often  advisable,  also,  to  ask 
that  some  mention  of  the  processes  adopted  may  accompany 
the  results  of  the  analysis.  Without  some  such  safeguard 
or  provision,  the  inquirer  may  place  himself  in  a predica- 
ment analogous  to  that  of  the  half -poisoned  man  who  had 
swallowed  a bottle  of  some  powerful  unknown  stuff  that  a 
doctor  had  recommended  as  “sure  to  do  him  good.”  A 
knowledge  of  the  processes  adopted  in  the  one  case  is 
as  useful  as  the  prescription  might  have  been  in  the 
other. 

Analysis  of  Water  generally. — The  operations  of  the  water- 
analyst  are  generally  directed  to  determine  the  following 
results : — 

1.  The  amount  of  dissolved  matter,  or  matter  in  solution. 

( a ) The  total  solid  impurity. 

( b ) The  volatile  and  gaseous  constituents. 

(e)  The  segregated  impurities  of  either  sort  that  are 
supposed  to  be  residues  of  organic  impurity. 

The  substances  usually  searched  for  in  water-analysis 
are  lime,  magnesia,  soda,  potassa,  alumina,  silica  and 
oxide  of  iron ; metallic  salts,  especially  of  lead,  soluble 
salts,  insoluble,  or  earthy  salts,  carbon,  carbonic  acid, 
chlorine,  nitrogen,  ammonia,  sulphuric  acid,  phosphoric 
acid,  nitric  acid,  iodine,  and  bromine. 

The  separative  determination  of  the  following  is  also 
usual: — Albumenoid  ammonia,  nitrogen  as  nitrites  and 
nitrates,  carbonic  residues  from  organic  matter. 

(i d ) The  specific  gravity. 

(i e ) The  estimation  of  hardness,  both  temporary  and 
permanent,  according  to  conventional  scale. 

2nd.  The  amount  of  suspended  matter  or  sediment. 
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Tlie  separate  quantitative  determination  of  the  above  sub- 
stances under  the  two  heads  of 
(a)  Mineral  matter. 

(5)  Residues  from  organic  matter. 

As  the  proportion  of  such  matter  in  waters  is  necessa- 
rily small,  the  various  units  that  may  be  used  by  the 
analyst  are  worthy  of  consideration. 

The  present  ordinary  English  medicinal  units,  with  their 
complicated  interdependence  of  weight  of  capacity  and 
intricate  mode  of  subdivision,  may  be  entirely  set  aside  as 
unsuited  to  analytical  purposes.  The  principal  defect  in 
that  system  is  that  the  weight  units  do  not  correspond  with 
the  capacity  units,  and  neither  of  them  are  truly  formed 
on  cubic  units.  For  convenience  there  should  be  complete 
correspondence  among  the  three  sorts  of  units. 

The  units  most  suited  to  English  analytical  purposes  are 
on  the  following  scale : — 

(cubic  tithes,  I 

or  I ; 1 fluid  ounce  = 1 000  fluid  mils, 
fluid  ounces  ) 

1 foot- weight ) 

or  | = 1 000  ounces  ; 1 ounce  = 1 000  mils, 
talent  ) 

Thus  if  we  obtain  by  analysis  any  proportional  consti- 
tuents, either  by  bulk  or  weight,  in  a cubic  foot  of  water, 
or  in  a foot-weight  of  it  (through  which  its  specific  gravity 
is  determined  direct)  the  millionth  parts  of  either  of  these 
units  aie  respectively  the  fluid  mil  and  the  mil,  which  are 
subsidiary  units  most  convenient  for  expressing  the  small 
quantities  or  proportions  commonly  occurring  in  analytical 
results.  The  constituents  per  million  parts  are  thus  simply 
expressed  in  mils. 

As  river- water  with  an  appreciable  amount  of  sediment 
is  most  convenient  for  exemplifying  the  use  of  these  units, 
the  following  analysis,  extracted  from  [p.  130]  “ Jackson’s 
Hydraulic  Statistics”  (London,  Allen,  1875),  is  here  given. 
It  applies  to  the  water  of  the  same  river,  sampled  at  various 
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dates  in  the  same  year,  1874,  which,  from  its  fertilising  quali- 
ties, naturally  contains  matters  in  large  quantity  that  can 
be  found  only  in  smaller  or  almost  inappreciable  quantity 
in  potable  spring-water  or  deep  well-water.  The  analysis 
is  hence  more  convenient  for  purposes  of  general  illustra- 
tion ; it  will  also  be  referred  to  later  on  as  illustrating  the 
qualities  of  irrigation-water. 


Analysis  or  River  Water  in  1874,  giving  the  Constituents 

per  Million  Parts. 


Dissolved  Matters. 

ath 

June. 

10th 

July. 

12th 

August. 

20th 

Sept. 

12th 

October. 

Limo 

Magnesia  . 

Soda  .... 

Potassa 

Chlorine  . 

Sulphuric  Acid  . 
Phosphoric  Acid 
Nitric  Acid 
Silica,  Alumina,  and  ) 
Oxide  of  Iron  £ 

Carbonic  Acid  and  ) 
loss  . . ) 

Residues  from  Or-  1 
ganic  matter  j 

Total  Solids 

41-67 
16-23 
12-01 
24-75 
16-43 
28  08 
Trace 
Trace 

7-01 

41-82 

15-00 

39-92 

51-13 

7- 44 
10-62 

8- 51 
2S-38 

• • 
t • 

7-13 

36-16 

10-57 

44-22 

10- 30 

5- 87 
15-01 

6- 28 
18-37 

• • 

• • 

11- 29 
42-81 
11-86 

42-60 
6-17 
3-01 
41-20 
2-09 
19-96 
• • 

• • 

12-57 

47-54 

19-29 

23-09 

4- 83 

5- 04 

23- 48 
4-91 

19-08 

Trace 

Trace 

18-43 

35-57 

24- 14 

203- 

163-86 

166-01 

194-43 

158-57 

Saline  Ammonia 

0-057 

0-129 

0-043 

0-100 

0-171 

Albumenoid  Ammonia 

0-114 

0-100 

0-071 

0-171 

0-143 

8th 

10th 

12th 

20th 

12th 

Suspended  Matters. 

June. 

July. 

August. 

Sept. 

October. 

Mineral 

60-86 

87-29 

1307-43 

483-43 

332-14 

Organic  Residue 

8-29 

91-14 

184-14 

59-14 

45-86 

Total 

69-15 

178-43 

1491-57 

542-57 

378-00 
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The  average  percentage  of  the  sedimentary  deposit  from  all  the  above 

samples  teas  : — 

Organic  Residues 

14-61 

Soda 

0-91 

Phosphoric  Acid 

1-78 

Alumina  . 

618 

Sulphuric  Acid 

Trace 

Peroxide  of  Iron 

15-15 

Chlorine  . 

Trace 

Silica 

55-09 

Lime 

Magnesia  . 

2-06 

M2 

Carbonic  Acid  and  loss 

1-28 

Potassa 

1-82 

100- 

Analysis  of  Potalle  Water. — When  chemical  analysis  is 
►pecklly  applied  to  potable  water,  the  determination  of 
its  wholesomeness  is  the  main  object  of  the  investigation, 
Did  quantitative  analysis  is  applied  to  certain  constituents 
separately,  while  others  may  bo  ignored  in  this  respect. 
For  instance,  the  separate  determination  of  the  weight  of 
each  constituent  of  the  saline  matters,  either  in  solution  or 
in  suspension,  is  not  generally  required.  A few  of  the 
former  have  some  influence  on  wholesomeness,  and  afford 
proof  of  former  contamination,  and  are  hence  important. 
Most  of  the  latter,  the  mineral  matters  in  suspension,  are 
innocuous,  and  (excepting  in  cases  where  poisonous  matters 
aie  suspected,  such  as  lead,  arsenic,  barium,  &c.)  these  are 
seldom  separately  determined.  Frequently  also,  as  the  sus- 
pended matters,  both  mineral  and  organic,  are  inconsider- 
able in  quantity,  the  water  is  shaken  up  before  analysis, 
and  the  traces  of  these  are  included  among  the  dissolved 
matters.  The  gaseous  constituents  of  potable  water  are 
seldom  extracted  and  volumetrically  determined,  for  the 
reason  that  they  vary  but  little  in  volume  in  very  different 

waters,  and  are  now  believed  to  throw  but  little  light  on 
the  character  of  water. 

Hence,  besides  noticing  the  temperature  and  specific 
gravity  of  the  water,  determining  its  temporary  and  per- 
manent hardness,  and  the  total  solid  residue  after  evapora- 
tion, the  constituents  quantitatively  determined  are  merely 
the  following : 1.  Organic  carbon;  2,  organic  nitrogen; 

a“monia ; 4>  tbe  nitrites  and  nitrates;  5,  the  total  com- 
bmed  nitrogen ; 6,  chlorine. 
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The  exjircssion,  u Previous  sewage  or  animal  contamina- 
tion,” represents  ten  times  the  sum  of  (3)  the  ammonia 
and  (4)  the  nitrates,  less  032  a constant;  thus,  e.g. : — 

10  (1-70  + 101-02  — 0-32)  = 102-40. 

This  conventional  expression  is  supposed  to  indicate  by 
standard  the  amount  of  original  contamination  per  million 
parts,  of  which  the  nitrites,  nitrates,  and  ammonia  are  the 
residue ; the  standard  of  comparison  being  the  assumption 
that  100  parts  of  combined  nitrogen  was  the  average  pro- 
portion existing  in  a million  parts  of  ordinary  London 
sewage,  and  that  the  constant  0-32  represented  the  pro- 
portion existing  in  rain-water.  It  is  hardly  reasonable  to 
class  potable  waters  as  safe,  suspicious,  or  dangerous,  in 
accordance  with  quantities  based  solely  on  such  a calcula- 
tion ; but  this  method  is  adopted  by  Drs.  Frankland  and 
Morton  in  the  “ Sixth  Report  of  the  Livers  Pollution  Com- 
mission on  the  Domestic  Water  Supply  of  Great  Britain,” 
dated  1868,  published  in  1874.  The  safety  or  wholesome- 
ness of  potable  waters  cannot  be  in  perfect  conformity  with 
such  figures,  as  will  be  hereafter  proved  ; lienee  this  expres- 
sion is  here  explained  merely  for  the  convenience  of  those 
that  like  to  make  use  of  it  and  deduce  such  quantities. 
But  as  the  above-mentioned  report  affords  the  most  modern 
statistics  of  analyses  of  waters  for  Great  Britain,  it  becomes 
necessary  to  mention  briefly  the  processes  adopted  in  arriv- 
ing at  them. 

Processes  adopted  by  Dr.  Frankland. — The  total  solid  con- 
stituents were  arrived  at  by  evaporating  to  dryness  as 
rapidly  as  possible  half  a litre  of  water  in  a weighed 
platinum  capsule  on  a steam  or  water  bath ; after  drying 
the  residue  at  100°  C.,  the  capsule  is  again  weighed.  The 
process  adopted  in  determining  the  degree  of  hardness  is 
not  mentioned  in  the  report ; it  was  most  probably  the 
ordinary  method  by  Clark’s  alcoholic  solution  of  soap,  or 
the  hardness  may  have  been  deduced  from  the  amount  of 
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lime,  magnesia,  oxide  of  iron,  and  alumina  shown  by 
analysis,  and  represented  by  an  equivalent  of  chalk  accord- 
ing to  Clark’s  rule. 

1 and  2.  Continuing  to  the  estimation  of  organic  carbon 
and  nitrogen ; the  process  adopted  was  that  known  as  Drs. 
Frankland  and  Armstrong’s  evaporative  method,  a mode 
described  fully  in  the  Appendix  to  the  Report  at  page  504. 
It  will  bo  needless  to  repeat  it  here ; suffice  it  to  mention 
that  the  mode  of  evaporation  occupies  much  time,  and  is  a 
complicated  operation ; that  the  mineral  acids  employed 
cannot  but  reduce  the  amount  of  organic  matter  before 
computation  ; and  that  the  principle  assumed  in  connection 
with  it,  “ that  a high  proportion  of  nitrogen  in  the  combined 
estimation  of  both  nitrogen  and  carbon  constitutes  the 
higher  organic  impurity,”  cannot  be  invariably  consistent. 
This  method  may  be  quantitatively  superior  to  the  old  in- 
cineration process  long  ago  condemned,  but  can  hardly 
present  any  advantages  over  either  the  process  of  oxidation 
by  permanganate  of  potash,  or  the  albumenoid  ammonia 
process  of  Wanklyn. 

3.  The  estimation  of  ammonia  was  effected  by  Hadow’s 
modification  of  Nessler’s  process,  a well-known  method,  for 
details  of  which  see  p.  125,  vol.  xviii.  “Jour.  Chem.  Soc. 
also  Wanklyn  and  Chapman’s  treatise. 

4.  The  estimation  of  nitrogen  in  the  form  of  nitrites  and 
nitrates  was  effected  by  a modification  of  Walter  Crane’s 
process  for  the  refraction  of  nitre.  It  consists  in  violently 
agitating  with  mercury  a concentrated  solution  of  the  nitrite 
or  nitrate  with  a large  excess  of  concentrated  sulphuric 
acid,  when  the  whole  of  the  nitrogen  is  evolved  as  nitric 
oxide.  For  the  success  of  this  method  no  chlorides  should 
be  present.  Details  of  this  now  well-known  process  are 
given  at  p.  507  of  the  Report,  also  at  p.  77,  vol.  xxi.  of 
“Jour.  Chem.  Soc.” 

The  total  combined  nitrogen  represents  the  sum  of  the 
oiganic  nitrogen,  the  nitrogen  as  a constituent  of  ammonia, 
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and  the  nitrogen  occurring  as  a compound  of  nitrites  and 
nitrates  ; tliat  is  to  say,  it  is  mere  summation  of  a dangerous 
nitrogen,  and  a more  and  a less  oxidated  nitrogen  that  are 
inorganic  and  reduced  to  harmlessness ; it  is  hence  a com- 
paratively valueless  expression.  Separation  of  the  nitrites 
and  nitrates  would  have  been,  on  the  contrary,  a conve- 
nient arrangement,  as  the  nitrites  afford  evidence  of  more 
recent  contamination,  and  the  nitrates  of  more  remote 
and  harmless  pollution. 

The  method  adopted  for  the  estimation  of  chlorine  is 
not  mentioned,  and  hence  was  most  probably  the  ordinary 
one,  total  precipitation  with  a standard  solution  of  nitrate 
of  silver. 

The  analyses  of  deep-well  waters,  following  on  page  144, 
are,  therefore,  results  of  the  above  process ; they  are  com- 
parable figures  deduced  on  a uniform  method,  and  are 
hence  useful  as  far  as  they  go.  They  certainly  afford  a 
vague  idea  of  the  extent  of  probable  pollution  at  some 
vague  antecedent  date,  and  may  be  occasionally  useful  in 
helping  to  arrive  at  some  opinion  as  to  wholesomeness  of 
water;  but  as  purely  independent  detached  results , no  confi- 
dence whatever  can  be  accorded  to  them. 

Organic  Pollution. — Let  us  consider  what  the  various 
forms  of  organic  pollution  in  water  really  are. 

1.  Vegetable  excreta. 

9 ( Ordinary  sewage  and  animal  excreta. 

( Diseased  sewage  and  animal  excreta. 

(Noxious  living  microscopic  organisms. 

Noxious  dead  microscopic  organisms. 

Embryo,  seeds,  spores,  &c.,  of  such  organisms. 

The  range,  the  infinite  variety  of  these  matters,  both  in 
nature  and  in  chemical  composition ; the  infinite  varieties 
of  condition,  both  of  simple  decomposition,  of  dilution,  and 
of  inter- compounded  chemical  action,  in  which  they  may  be 
found,  render  any  approximate  estimate  of  the  original 
pollution  quite  untrustworthy.  Also  if  we  assume  several 
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forms  and  modes  of  pollution  to  liave  existed,  whether 
simultaneously  or  otherwise,  these  may  even  have  partially 
counteracted  each  other  direct,  or  the  results  of  each  other. 
To  take  only  one  phase  of  the  matter.  The  innoxious  and  the 
slightly  noxious  living  organisms  in  water  are  innumerable ; 
they  prey  on  each  other  and  form  food  for  each  other  ; some 
of  them  also  consume  excrementitious  matter;  hence  all 
trace  of  one  source  of  pollution  to  water  may  entirely  vanish 
and  another  one  may  have  taken  its  place  before  the  water 
can  arrive  at  the  analyst.  Again,  as  to  the  residual  matter 
from  organisms  accounted  for  by  the  anal}rst.  Do  the  in- 
noxious living  organisms  or  the  noxious  living  organisms 
yield  more  accountable  residue  ? If  we  do  not  know  this, 
the  sum  of  the  two  may  constitute  evidence  of  wholesome- 
ness rather  than,  as  usually  assumed,  the  contrary.  Certain 
organisms,  accompanying  virulent  disease,  have  extremely 
strong  vitality.  They  are  nearly  indestructible  under  ordi- 
nary conditions,  and  in  their  line  resemble  man-eating 
tigers ; but  the  weight  of  the  residue  of  their  membranes 
may  have  inappreciable  effect  on  the  quantity  of  organic 
nitrogen  and  carbon  in  the  analyst’s  samples,  while  these 
: same  organisms  may  have  cleared  their  immediate  neigh- 
bourhood of  other  organisms  and  thus  reduced  the  organic 
nitrogen  and  carbon. 

We  know  that  a pike  may  devour  fish  and  small  fry  to  a 
large  extent,  and  yet  add  little  to  his  own  weight;  the 
same  principle  may  hold  to  an  infinitely  greater  degree 
among  animalcules. 

There  is  plenty  of  evidence  that  water,  highly  polluted 
according  to  the  analyst,  often  has  no  ill  effect  on  public 
health,  even  over  a long  period ; in  these  cases  the  specially 
noxious  organisms  are  probably  absent. 

Mi.  Baldwin  Latham,  C.E.,  whose  eminence  is  princi- 
pally due  to  the  application  of  much  skill  and  years  of 
labour  to  matters  connected  with  water- works  and  drainage, 
has  pointed  out  that  both  the  zymotic  and  the  fever  death- 
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rates  for  London,  from  1868  to  1880,  diminish  with  the 
increase  of  organic  impurity  in  the  water  supplied,  shown 
by  Dr.  Frankland’s  analyses.  Mr.  Latham  also  quotes  Dr. 
Frankland’s  own  words.  “ Chemical  analysis  is  unable  to 
detect  those  small  quantities  of  morbific  matter  which  are 
calculated  to  transmit  disease  to  people  drinking  the 
water.” 

Even  if  we  turn  from  Dr.  Frankland’s  own  method  to 
the  albumenoid  ammonia  process  of  Wanklyn  that  it  sup- 
planted, a mode  of  reducing  all  nitrogenous  organic  im- 
purities into  ammonia,  and  estimating  the  amount  of  the 
single  result  as  indicating  the  organic  impurity  ; on  this 
subject,  Dr.  F.  W.  Anderson,  in  a letter  to  the  “ Sanitary 
Record,”  February  3,  1877,  says,  “ I have  never  been  able 
to  obtain  conclusive  evidence  that  the  dangerous  elements 
of  bad  water  are  evolved  as  albumenoid  ammonia ; my 
observations  tend  rather  to  the  belief  that  typhoid  germs 
are  easily  oxidised  and  do  not  yield  up  their  nitrogen  as 
ammonia.” 

From  the  above  it  may  be  concluded  that  the  analysts 
have  till  now  entirely  failed  to  distinguish  between  highly 
noxious  and  comparatively  innocuous  organic  impurities  in 
water.  Hence  the  results  of  analysis  render  no  absolute 
guide,  although  they  may  be  useful  in  some  respects  for 
purposes  of  comparison,  and  for  affording  some  clue  or 
indication,  when  they  are  carried  out  on  a uniform  system 
Dver  a multitude  of  cases. 

In  the  following  tabular  extracts  from  the  Report  above 
referred  to,  the  total  combined  nitrogen  and  the  animal 
contamination  columns  have  been  omitted  for  reasons 
already  given.  The  total  hardness  of  the  water  is  alone 
given,  for  the  reason  that  the  distinction  between  the  tem- 
porary and  permanent  hardness  is  comparatively  unim- 
portant in  potable  water,  as  repeated  and  continuous 
boiling,  by  which  temporary  hardness  is  eliminated,  is  not 
a common  domestic  process.  The  results  are  expressed  in 
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parts  per  million,  instead  of  in  parts  per  100  000,  for  tlio 
reasons  before  mentioned,  and  for  general  convenience. 


Average  Composition  of  some  Unpolluted  Spring  Waters  derived 

FROM  VARIOUS  STRATA,  EXPRESSED  IN  PARTS  PER  MILLION. 


Averages  from  Strata. 


Granite  and  Gneiss 
Silurian  Rocks 
DevonianRocksand  Old 
Red  Sandstone  . 
Mountain  Limestone 
Millstone  Grits  and 
Coal  Measures  . 
New  Red  Sandstone 
Lias 

Oolitic  Rock  . 

Hastings  Sand  and 
Green-sand 
Chalk 

DriftGravel  and  Fluvio- 
marine 

Simple  Rain  Water 


Total  Solids. 

Degree  of 
Total  Hard- 
ness. 

j Organic  Car- 
j bon. 

59-4 

3-0 

0-42 

123-3 

6-8 

0-51 

250-6 

12-0 

0-54 

320-6 

19-8 

0-87 

219-1 

13-1 

0-50 

2S6-9 

18-8 

0-65 

364-1 

30  1 

0-73 

303-3 

24-4 

0-43 

300-5 

20-2 

0-53 

298-4 

23-6 

0-44 

613-2 

37-6 

0-86 

29-5  j 

0-3 

0-70 

Organic  Ni- 
trogen. 

Ammonia. 

| Nitrites  and 
Nitrates. 

Chlorine. 

0-08 

0-01 

1-06 

16-9 

0-14 

0-01 

1-78 

18-4 

0-12 

o-oi 

7-64 

38  5 

o-io 

0-01 

2-24 

46  3 

0-14 

o-oi 

3-93 

18-5 

0-17 

o-oi 

3-30 

21-9 

0-19 

o-oi 

4-67 

24-8 

0*11 

o-oi 

4-02 

15-5 

0-12 

o- 

3-26 

29-8 

0-10 

o-oi 

3-82 

24-5 

0-19 

o-oi 

3-54 

27-6 

0-15 

0-29 

0-03 

2 2 
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Composition  of  some  Polluted  Spring  Waters  derived  from 
various  Strata,  expressed  in  Parts  per  Million. 


Locality  and  Stratum. 

W 

rs 

r— 1 

o 

CO 

1—1 

ci 

-4-5 

O 

egree  of 
Total  Hard- 
ness. 

1 

3 

o 

o 

’§  fl 

£.5 

rganie  Ni- 
trogen. 

cs 

•H 

0 

O 

S 

s 

itrites  and 
Nitrates. 

0) 

0 

3 

2 

Eh 

P 

o 

O 

<1 

o 

Old  Eed  Sandstone,  Lanark 

99-6 

3-9 

1-48 

0-26 

0-02 

2-20 

18-0 

Yoredale  Grits,  Hawes 

284-6 

26-6 

1-74 

0-33 

0’05 

1-31 

12-0 

Millstone  Grits,  Harrogate 

79-0 

4-2 

1-96 

0-45 

0-03 

0 

13-0 

New  Red  Sandstone,  Bristol 

1272-8 

66-9 

1-86 

0-30 

o-oi 

47-12 

71-0 

Lias,  at  Oakham  (Rutland) 

1018-2 

88-6 

2-92 

1-13 

0-01 

3-22 

18-0 

Lias,  Southam  (Warwick) 

573-0 

33-5 

2-82 

0-54 

0-11 

3-97 

20-0 

Oolite,  Beacon  Spring,  Bath 

204-0 

16-3 

1-49 

0-12 

o- 

2-70 

14-5 

Oolite,  Beechen  Cliff,  Bath 

418-0 

31-3 

2-74 

0-18 

0- 

11-31 

23-5 

Hastings  Sand,  St.  Leonards 

419-2 

16-9 

2-24 

0-54 

0-88 

4-78 

96-0 

Lower  Green-sand,  Sand-  1 

369-0 

16-6 

1-46 

O 

CO 

o 

o-oi 

9-55 

59-5 

gate  . . . j 

Chalk,  Amwell  . 

284-4 

16-3 

6-99 

0-97 

o- 

3-02 

16-0 

Chalk,  Morden  Park,  j 
Caterham  . . j 

272-6 

21-5 

1-38 

0-29 

o- 

6-67 

14-0 

Chalk,  Chad  well 

298-0 

200 

4-20 

0-84 

0-01 

2-99 

18-0 

Chalk,  Maidstone 

391-6 

27-9 

1-38 

0-44 

0-04 

8-70 

35-0 

Gravel  on  London  Clay,  ] 
Colchester  . . j 

1547-0 

53-0 

1-76 

0-57 

o-oi 

73-95 

275-0 

Average  Composition  of  Unpolluted  Deep-Well  Waters 

DERIVED  FROM  VARIOUS  STRATA,  EXPRESSED  IN  PARTS  PER  MILLION. 


Averages  from  Strata. 

Total  Solids. 

Degree  of 
Total  Hard- 
ness. 

Organic  Car- 
bon. 

| Organic  Ni- 
trogen. 

Ammonia. 

Nitrites  and 
Nitrates. 

Chlorine. 

Devonian  Rocks  and  \ 
Millstone  Grit  . ) 

326-8 

17-4 

0-68 

0-12 

0-05 

2-94 

27-0 

The  Coal  Measures 

831-0 

35-7 

1-19 

0-34 

0-44 

2-07 

180-5 

New  Red  Sandstone 

306-3 

17-9 

0-36 

0-14 

0-03 

7-17 

29-4 

Lias  .... 

709-8 

30-1 

1-46 

0-27 

o-oi 

3-89 

44-2 

Oolites  .... 

336-0 

20-6 

0-37 

o-io 

0-22 

6-25 

26-9 

Hastings  Sand,  Green-  \ 
sand,  & Weald  Clay  J 

452-0 

27-3 

0-68 

0-14 

0-16 

1-96 

53-8 

Chalk  .... 

368-8 

27-7 

0-50 

0-17 

o-oi 

6-10 

27-6 

Chalk  below  London  1 
Clay  . . . j 

780-9 

18-4 

0-93 

0-28 

0-48 

0-68 

150  2 

Thanet  Sand  and  Drift  . 

538-4 

22-0 

1-13 

0-20 

0-72 

1-16 

63-2 
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Composition  of  some  Polluted  Waters  from  Deep  Wells  in 
various  Strata,  expressed  in  Parts  per  Million. 


Locality  and 
Stratum. 


Devonian,  Bromyard 
Carboniferous, Holy-  i 
rood  . . ) 

New  Bed  Sandstone,  i 
Lichfield  . j 
New  Bed  Sandstone,  ) 
Liverpool  . J 

.Lias,  Trowbridge 
•Oolites,  Theescombe  . 
•Oolites,  Witney 
ILower  Green- sand,  ^ 
Sevenoaks  . J 

.Chalk,  Arlesey  . 
.Chalk,  Carisbrook  ) 
Castle  . . / 

.Chalk,  Charlton 
Bhalk,  Deal 
.Chalk,  Gravesend 
.Chalk,  Harwich 
Chalk, under  London  | 
Clay,  Colchester  J 
Jhalk, under  London  ) 
Clay,  Hounslow  j 
Bagshot  Sand,  Sun-  i 

ningdalo  . j 


Total  Solids. 

Degree  of 
Total  Hard- 
ness. 

Organic  Car- 
bon. 

Organic  Ni- 
trogen. 

oj 

■a 

o 

a 

a 

< 

Nitrites*  and 
Nitrates. 

Chlorine. 

Sol-2 

41-2 

1-77 

0-48 

0- 

22-79 

112-5 

92d-4 

27-9 

3-26 

1-75 

0-56 

9-50 

79-5 

320-6 

IS -3 

1-63 

0-38 

0-03 

4-89 

22-0 

S67-0 

35"5 

1-35 

0-38 

0-05 

86-78 

126-1 

1443-4 

57-1 

2-36 

0-57 

0-02 

5-50 

367-0 

274-8 

21  2 

1-06 

0-20 

0-02 

7-78 

25-0 

710-4 

39-3 

1-42 

0-53 

0-01 

3-C8- 

78-0 

387-6 

20-6 

4-47 

0-72 

o- 

2-52 

590 

360-0 

25-0 

1-70 

0-84 

o- 

11-30 

18-3 

432-8 

23-9 

1-69 

0-43 

002 

13-65 

64-0 

928-0 

42-6 

1-39 

0 28 

o- 

901 

197-0 

2021-4 

47-2 

1-39 

1-37 

0-65 

19-76 

718-2 

480-0 

42-4 

1-27 

0-29 

0-76 

29-37 

54-0 

2164-0 

50-7 

1-44 

0-81 

1-50 

0- 

1060-0 

962-0 

25-7 

1-74 

0-30 

0-21 

25-82 

210-0 

824-0 

34-3 

2-73 

0-42 

0-01 

8-46 

90-5 

226-8 

10-9 

1-89 

0-37 

0-25 

0- 

300 

Most  of  these  wells  were  closed  as  dangerous. 
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Composition  of  Upland  Surface-Water  from  Uncultivated  Soil 

AND  NoN-CALCAliEOUS  STRATA,  IN  PARTS  PER  MILLION. 


Stratum  and 
Locality. 

Total  Solids. 

Degree  of 
Total  Hard- 
ness. 

Organic  Car- 
bon. 

S 

.2  § 
p fee 

C3  O 
fcf  ^ 

O 

Ammonia. 

Nitrites  and 
Nitrates. 

Chlorine. 

From  Igneous  Roclc. 
Stream  above  St.  Neol  s 

59-6 

0-9 

5-53 

0-30 

0-02 

o- 

17-0 

Teign  above  Exmouth 

60-8 

2-6 

5-82 

0-58 

0-04 

o- 

14-0 

Aberdeen,  Supply  | 

43-6 

2-1 

3-99 

0-29 

0- 

o- 

5-6 

from  the  Dee  j 

Stirling  Supply,  Forth 

64-4 

2-7 

4-81 

0-45 

o-oi 

o- 

7-0 

Dumbarton  Supply,  1 

72-6 

3-8 

3-86 

0-71 

0-02 

o- 

8-5 

Clyde  . . J 

From  Metamorphic, 

Cambrian , Silurian, 
and  Devonian  Rock. 
L'he  Camel,  nr.  Mul-  ^ 

112-4 

4-0 

3-36 

0-60 

0-08 

0-32 

33-5 

berg  Tin  Mine  j 

Ilfracombe  Supply,  ) 

124-8 

C-9 

2-47 

0-32 

o- 

0-28 

20-5 

Slade  . • j 

Bala  Lake 

27-9 

0-4 

2-27 

0-01 

o- 

0-02 

73 

Windermere  Lake,  1 

57-8 

21-4 

4-0 

2-99 

0-76 

0-02 

0-18 

9-9 

Lowwood  . j 

Measand  Beck  (Cum-  1 

2-0 

1-17 

0-03 

o- 

0- 

berland)  • j 

Iveswick,  fm.  Skiddaw 

43-4 

3-4 

1-32 

0-24 

o-oi 

0- 

10-9 

Loch  Ness,  at  exit  . 

33-0 

2-6 

3-61 

0-55 

0-02 

0- 

8-5 

Loch  Katrine  . 

24-0 

0-9 

1-85 

0-22 

o-oi 

o- 

8-5 

Ettrick,  above  Selkirk 

62-0 

3-7 

1-83 

0-15 

o- 

0-23 

8-0 

Glasgow,  frm.Gorbals 

88-0 

4-4 

3-39 

0-49 

0-02 

0-18 

11-1 

Paisley, fm.  llowbank 

116-8 

5-9 

5-21 

0-68 

0-02 

o- 

12-0 

From  the  Millstone 
Grits  and  Noncalca- 
rcous  Coal  Measures. 
Lancaster  Supply,  1 

45  8 

0-9 

1-29 

0-22 

o-oi 

o- 

9-9 

Bleasdale  . I 

Bolton  Supply,  Ent- j 

93-7 

5-1 

2-97 

e-is 

0-24 

o-io 

11-9 

wistle  . • ) 

Liverpool,  from  Riv-  1 

84-8 

3-7 

2-43 

0-31 

0-04 

9- 

15-3 

ington  Pike  . j 

Rochdale  Supply 

88-2 

5-1 

1-34 

o- 

C-14 

0- 

10-9 
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Composition  of  Upland  Surface-Water,  &c. — continued. 


Stratum  and 
Locality. 

Total  Solids. 

Degree  of 
Total  Hard- 
ness. 

Organic  Car- 
bon. 

Organic  Ni- 
trogen. 

Ammonia. 

Nitrites  and 
Nitrates. 

Chlorine. 

Uackburn  Supply 
’he  IrwelL  near  1 

liS-0 

5-9 

2-49 

0-21 

0- 

o-io 

11-4 

source  . 

C 

i S'O 

3-7 

1-87 

0-25 

0-04 

0-21 

11-5 

lalifax  Supply  . 

SI -4 

3 2 

1-33 

0 31 

0*0o 

0-29 

11-0 

Leeds  Supply  . 
inaresborough,  the  ) 
Kidcl  . . j 

150-0 

8-3 

2-58 

0-25 

o- 

o- 

13-0 

117-2 

cc 

^4 

2-06 

0-39 

o- 

0-27 

10-7 

heffield  Supply,  Don 
•uxton,  from  Lialit-  1 

83-6 

4-4 

3-56 

0-57 

o-of 

0-32 

8-5 

wood 

55-4 

2-2 

5-09 

0-41 

0-03 

0-14 

7-0 

iwansea  Supply 
ulinburgh,  Crawley 

4S-4 

2-3 

2-05 

0-25 

o- 

0-10 

11*0 

Burn 

oiver  Tertiaries  ana 
Bagshot  Beds. 

1 1 2 ' 8 

6-1 

1-87 

0-31 

o-oi 

o- 

10-4 

ournemouth  Supply 

59-2 

1-8 

2-82 

0-39 

o- 

0* 

OQ.  r. 

.ldershot  Camp 
-avenbourne,  near 

61*4 

41 

4-17 

0-48 

0-01 

o- 

12-4 

Keston  . 

131  "4 

5‘6 

4-39 

0-56 

0-12 

0-20 

26-0 

The  analysis  of  shallow  well  waters,  drawn  from  a depth 
less  than  50  feet,  near  human  habitations,  would  have  no 
useful  purpose  in  this  book  ; as  such  waters  are  generally 
polluted,  and  the  analytical  evidence  of  pollution  is  already 

fiown  with  respect  to  deep  weds,  generally  exceeding:  100 
feet  in  depth. 

Suspicious  Proportions  of  Impurities. — Treating  the  fore- 
going analysis  as  useful  in  affording  some  notion  of  pro- 
bable access  of  impurity  either  in  comparatively  recent  or 
11  Prehistoric  times,  it  becomes  necessary  to  draw  some 
^ough  limits  to  the  amount  of  the  various  constituents  in 
potable  water  that  would  justify  suspicion. 

ii  2 
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Parts  per 
Million. 

Organic  Carbon  . . 1-00 

Organic  Nitrogen  . . 0-30 

Albumenoid  Ammonia  . 0-03 

Oxygen  for  Total  Oxida-  1 
tion  of  Organic  Matter  j 


Parts  pel 
Million. 

Nitrates  . . . 400 

Chlorine — generally  . 2000 

Nitrites  . . . Any 

Ammonia  Saline  . . 0-25 


Neither  the  total  solids  nor  the  degree  of  hardness  in  a 
potable  water  should  exceed  the  ordinary  maximum  in 
those  of  the  same  class  and  from  similar  strata,  whether 
from  upland  surface  springs  or  deep  wells,  without  attract- 
ing notice. 

Such  limits  would  naturally  be  exceeded  under  special 
circumstances  without  causing  suspicion,  as,  for  instance, 
at  places  near  the  sea,  or  near  salt  beds,  an  amount  of 
chlorine  in  excess  of  ordinary  limits  might  be  easily 
accounted  for.  It  is  only  in  connection  with  the  local 
circumstances  and  the  history  of  the  water  that  any  value 
can  be  attached  to  the  indications  afforded  by  such 
analyses  ; it  should  be  also  borne  in  mind  that  chemically 
pure  water  may  be  deadly,  and  water  that  is  grossly 
impure  according  to  the  analyst  may  be  harmless. 

Suspicious  Sources. — Potable  waters  obtained  from  the 
surface-drainage  of  cultivated  land,  from  rivers  or  chan- 
nels to  which  sewage  may  gain  access,  from  rain-storage 
reservoirs  or  tanks,  and  from  shallow  wells,  are  suspicious 
by  origin.  The  storage  of  water  in  an  impure  atmo- 
sphere, in  unclean  receptacles,  in  cisterns  communicating 
with  drain-pipes,  its  passage  through  metallic  and  corroded 
pipes,  especially  new-laid  pipes,  and  old  filtering  material, 
its  contact  with  unclean  persons  and  things,  are  sufficient 
causes  for  suspecting  water  of  any  kind,  however  whole- 
some it  may  have  been  previously. 

Hard  Potable  Waters. — The  hardness  |of  water  for  drink- 
ing purposes  is  now  believed  generally  not  to  have  any 
markedly  dangerous  effect  on  human  life,  so  as  to  affect 
the  death  rates  of  a population  ; there  is,  however,  little 
doubt  that  it  is  sometimes  very  detrimental  to  health. 
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Calculus,  gravel,  urinary  diseases,  visceral  obstructions, 
goitre,  severe  dyspepsia,  and  constipation,  are  attributed  to 
the  habitual  use  of  hard  water.  Soft  water  alone  is  tit 
for  the  use  of  the  sick.  The  selenitic  hardness  due  to 
sulphate  of  lime  and  magnesia,  from  the  new  red  sand- 
stone, and  that  from  some  shallow  wells,  is  deemed  par- 
ticularly objectionable.  Soft  water  has  also  its  opponents 
in  a few  medical  men.  The  belief  is  very  prevalent  that 
the  hardness  due  to  carbonates  in  drinking-water  should  not 
exceed  15°  on  Clark’s  scale. 

In  cooking,  boiling,  or  making  hot  infusions,  the  economy 
of  time,  fuel,  and  of  material,  from  using  soft  water 
is  very  marked.  Soft  water  is  also  preferable  for  baking 
bread,  cooking  meat  and  vegetables,  and  making  soups,  on 
account  of  the  better  results  obtained.  In  brewing,  soft 
water  is  necessary  for  the  extraction  of  the  saccharine 
matter  for  wort.  The  amount  of  hardness  suitably  admis- 
sible for  cooking  purposes  is  about  5°  on  Clark’s  scale. 

Hardness  may  be  reduced  by  a half,  that  is  by  50  per 
cent.,  by  filtration  through  the  spongy  iron  of  M.  Biscliof ; 
in  addition  the  water  is  cleansed  by  the  removal  of 
a large  proportion  of  the  organic  carbon  and  organic 
nitrogen,  nitrites,  and  nitrates.  When  the  hardness  of 
water  is  due  to  carbonates  of  lime  and  magnesia,  it  may  be 
reduced  by  being  kept  boiling  for  half  an  hour  ; the  same 
treatment  of  any  suspected  water  is  also  the  best  ordinary 
means  of  destroying  the  specific  poisons  of  typhoid  fever  and 
cholera,  against  which  filtration  is  not  an  efficient  safeguard. 
The  softening  of  water  on  a large  scale  by  the  addition  of 
hydrated  lime  has  been  effectively  carried  out  at  Thing- 
and  at  Canterbury,  under  Mr.  Homersham. 

The  geological  formations  yielding  hard  water  are  the  cal- 
careous strata  of  the  Silurian,  Devonian,  and  carboniferous 
rocks,  mountain  limestone,  new  red  sandstone,  conglomerate 
sandstone,  liassic,  oolitic,  upper  green-sand,  and  the  chalk. 

The  Purification  oj  Hater. — The  need  for  purifying  water 
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for  drinking  purposes  might  at  first  appear  an  absurdity, 
as  the  natural  assumption  is  that  moderately  pure  or 
wholesome  water  should  be  always  obtained  in  the  first 
instance.  Under  all  ordinary  circumstances  this  assump- 
tion is  correct.  When  wholesome  water  can  be  procured 
within  any  moderate  distance,  the  expense  of  bringing 
or  delivering  it  is  a mere  trifle  in  comparison  with  the 
economy  of  human  life  and  health  effected.  When  an 
immense  distance  and  very  high,  expenditure  enter  into 
such  undertakings,  doubt  is  always  thrown  on  their  ad- 
visability. There  is,  however,  a more  potent  cause  for  the 
habits  of  many  civilised  communities  in  drinking  fouled  or 
purified  foul  water — the  power  of  vested  interests,  sup- 
ported by  the  law  of  the  land,  which  forces  these  habits  on 
the  people.  The  basis  of  vested  interests  consists  in  the 
virtue  of  a contract,  or  voluntary  bargain  between  a com- 
munity and  a speculative  company,  by  which  the  latter 
incur  the  large  expenses  of  obtaining  and  supplying  water 
to  a town  or  district,  and  the  former  agree  to  pay  certain 
water  rates,  either  for  a long  term  of  years,  or  in  per- 
petuity. The  position  of  the  company  is  that  of  a long 
leaseholder,  or  of  a freeholder,  while  the  town  or  district 
very  often  possesses  no  powers  of  repurchasing  its  freedom 
on  fixed  terms,  and  remains  at  the  mercy  of  the  company. 
The  law  always  upholds  a voluntary  bargain  and  its 
results,  although  it  may  have  been  grossly  unjust  or  ex- 
tortionate, provided  it  has  not  taken  some  special  form  of 
one-sided  bargain,  decided  by  precedent  to  be  untenable. 
When  the  precedent  for  annulling  the  bargain  is  wanting, 
the  injustice  is  upheld  by  law. 

The  injustice  of  these  water-companies’  freehold  rights 
consists  in  two  points.  First,  under  the  conditions  of  the 
original  contract,  wholesome  water  existed  and  could  be  sup- 
plied in  a mode  practically  convenient  to  the  community,  but 
after  a long  lapse  of  time  the  sources  of  supply  became 
deteriorated  from  spread  of  habitations,  and  other  causes 
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over  which  the  company  had  little  or  no  control.  Eventu- 
ally foul  water  is  supplied  instead  of  wholesome  water,  and 
it  is  partly  purified  by  certain  processes,  as  a justification 
for  keeping  up  the  lucrative  contract  with  the  community, 
and  as  a basis  of  argument  in  declaring  the  supply  to  bo 
as  good  as  it  was  in  remote  times.  The  bargain  was  to 
supply  then  existing  wholesome  water;  immediately  this 
becomes  impracticable,  the  bargain  should  justly  be  con- 
sidered as  no  longer  tenable.  Water  companies  should  not 
be  permitted  to  purify  their  water  any  more  than  milkmen 
are  permitted  to  adulterate  their  milk ; they  should  give  an 
unsophisticated  supply,  free  from  any  process,  however 
harmless,  or  their  winding-up  should  be  enforced.  Secondly, 
these  water-companies’  bargains  were  made  with  the  fathers, 
grandfathers,  or  ancestry  of  the  persons  controlled ; while 
the  principle  that  any  person  or  community  can  sell  under 
bargain  not  only  their  own  rights,  but  those  of  their  seed 
for  ever,  is  grossly  unjust,  and  hence  not  morally  binding 
on  the  descendants.  On  these  grounds,  such  perpetuities 
should  cease  at  the  end  of  one  lifetime  from  date  of 
contract. 

Eventually,  perhaps,  the  law  in  matters  of  voluntary 
but  unjust  contracts  may  be  put  in  closer  accordance  with 
morality.  It  will  doubtless  take  some  time  to  effect  this  in 
a mercantile  speculative  nation,  where  ninety-nine  persons 
out  of  a hundred  profoundly  admire  and  uphold  any  syste- 
matic or  permanent  swindle  if  based  on  assent  by  do- 
cument and  sanctioned  by  legality,  and  whore  thousands 
owe  their  subsistence  to  such  bargains  made  either  by 
themselves  or  their  forefathers.  Public  opinion  as  well  as 
legality  still  countenances  the  grinding  rack-rent  that  im- 
poverishes a family,  the  dealer’s  crushing  bargains  with  the 
needy  artist,  the  benevolence  of  employers  that  patronise 
labour  at  half  price.  It  is  said  that  these  crimes  bring  pros- 
perity to  the  nation  and  are  good  for  trade — the  helpless 
victims  are  called  fools.  There  is  a legal  limit  to  the 
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usurer’s  interest,  but  all  other  bargainers’  profits  are  un- 
controlled. All  protests  are  equally  valueless. 

Things  will  change,  but  in  the  meantime  we  must  drink 
purified  foul  water  under  compact  for  the  prosperity  of 
vested  interests. 

The  modes  of  purifying  contaminated  water  are  the 
following : — 

1.  Simple  subsidence. 

2.  Filtration  through  various  materials. 

3.  Precipitation  with  various  substances,  acting  simply 

as  mechanical  precipitants. 

4.  Distillation,  also  mere  boiling. 

5.  Chemical  treatment. 

6.  Irrigation,  and  collection  of  the  effluent. 

Some  of  these  modes  and  processes  are  severally  less  or 
more  effective  in  practice,  according  as  the}"  are  carried  out 
on  a large  or  small  scale,  or  the  converse. 

The  slightest  interval  of  neglect  or  bad  management  for 
an  hour,  or  even  less,  may  vitiate  the  whole  of  the  supply  : 
this  was  the  case  with  the  East  London  Company,  at 
Old  Ford,  in  1866,  resulting  in  the  well-known  cholera 
outbreak.  Thus  the  lives  of  a large  population  are  perma- 
nently placed  at  the  mercy  of  some  turncock  whenever  the 
water  supply  is  originally  foul.  Similarly,  also,  if  the 
domestic  filtration  of  contaminated  water  be  entrusted  to 
servants,  the  same  risks  occur  within  a house.  Such 
dangers  should  not  be  perpetuated. 

Simple  subsidence  is  a permissible  mode  of  purifying 
any  wholesome  water  from  mud,  mineral,  and  suspended 
matter.  This  improvement  of  water  is  incidental  to  storage, 
but  it  also  involves  frequent  periodical  cleansing  of  the 
vessel  or  reservoir  in  which  settlement  takes  place : it  is 
then  a successful  mode  of  getting  rid  of  suspended  mineral 
impurities  of  any  sort. 

The  same  method  applied  to  contaminated  waters  not 
only  removes  mineral  suspended  impurities,  but  also  slightly 
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reduces  the  amount  of  organic  impurity,  as  shown  in  the 
accompanying  analysis  of  Dr.  Franldand  (page  154).  If, 
however,  the  persistent  cleansing  be  neglected,  it  becomes 
a mode  of  collecting  the  impurities  of  several  days’  supply, 
and  distributing  the  collection  at  one  time. 

Filtration  through  various  materials,  beds  of  pebbles, 
gravel,  sand,  charcoal,  &c.,  is  a mechanical  mode  of  de- 
taining the  mineral  impurities  of  water  from  passing  out 
in  the  effluent.  It  corresponds  to  subsidence  to  a certain 
extent,  but  is  hardly  a permissible  legitimate  mode  of 
cleansing  drinking-water  for  a water  company,  as  it  is  an  ar- 
tificial, and  not  a natural  process.  Companies  should  supply 
good  wholesome  drinking-water  without  resorting  to  any 
process.  Filtration  on  a large  scale  is  rarely  performed 
with  uniform  efficiency,  and  the  drinking-water  of  towns 
is  hence  generally  submitted  to  domestic  filtration.  For 
the  effect  of  filtration  shown  analytically,  see  page  154, 
where  it  is  shown  in  a slight  reduction  of  the  organic 
impurities  of  contaminated  water.  The  materials  recom- 
mended by  Dr.  Franldand  for  use  in  domestic  filters  are 
fresh  animal  charcoal  and  Bischof’s  spongy  iron.  They 
both  effect  a large  reduction  of  the  amount  of  organic  im- 
purity as  well  as  saline  mineral  matters ; but  the  spongy 
iron  also  reduces  the  hardness  of  water.  See  two  analyses 
selected  from  Dr.  Franldand’ s results  in  the  accompany- 
ing table. 
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Comparative  Composition  of  Water  Before  and  After 
Purification,  in  Parts  per  Million. 


January  and  February, 

71873. 


West  Middlesex  Com- 
pany. 

Thames  Water  from  1 
Hampton  . J 
Thames  Water  after  ) 
Subsidence  . j 
Thames  Water  after  "I 
Filtration 


Grand  Junction  Com- 
pany. 

Thames  Water  from  ) 
Hampton  . / 

Thames  Water  after  } 
Subsidence  . ) 

Thames  Water  after  ) 
Filtration  . > 


Southwark  and  Yaux- 
hall  Company. 

Thames  Water  from  1 
Hampton  . J 
Thames  Water  after  ) 
Subsidence  . j 
Thames  Water  after  ) 
Filtration 


Lambeth  Company. 

Thames  Water  from 
Molesey 

Thames  Water  after 
Subsidence  . 
Thames  Water  after 
Filtration 


Total  Solids. 

Total  Hard- 
ness. 

Organic  Car- 
bon. 

i 

Organic  Ni- 
trogen. 

Ammonia. 

Nitrites  and 
Nitrates. 

Chlorine. 

298T 

21-8 

2-76 

0-53 

0-09 

3-46 

18-0 

312-2 

23-3 

2-09 

0-71 

0-05 

3-29 

18-0 

305-6 

22-1 

1-98 

0-43 

o-oi 

3 35 

18-0 

317-8 

24-5 

2-46 

0-33 

0-05 

3-55 

17-5 

314-2 

23-6 

2-62 

0-42 

0-04 

3-56 

17’5 

306-8 

23-3 

2-31 

0 32 

o-oi 

3-45 

17-5 

318-4 

23-6 

2-85 

0-50 

0-02 

3-31 

18-0 

320-0 

23-3 

3-21 

0-63 

o-oi 

3-17 

18-0 

315-6 

23-3 

2-73 

0-42 

0* 

2-86 

18-0 

313-6 

23-9 

3-25 

0-76 

0-03 

3-12 

17-5 

329-6 

23-6 

2-73 

0-67 

o-oi 

3-48 

18-0 

327-4 

23-6 

2-58 

0-38 

o-oi 

3-61 

18-01 

APPENDIX. 


155 


Comparative  Composition  of  Water,  Sec.— continued. 


0) 

3 
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O 
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, January  and  February 
1873. 

i 

rH 

5 

o 

w 

03 

r-J  tO 

ci  o 
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o 
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.8  8 
d 6o 
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0 

1 

CO  -H 

Cj  g 
-+J 

£2 

O 

■B 

o 

3 

H 

H 

o 

o 

<4 

o 

Chelsea  Company. 
Thames  Water  at 

l 

313-6 

23-9 

3-25 

0-76 

0-03 

3-12 

17-5 

Thames  Ditton 

1 

'Thames  Water  after 

311'0 

22-7 

2-58 

0-32 

o- 

3-07 

17-0 

Filtration  . 

•No  Subsidence  Re- 

servoirs  . 

i Kent  Company — Tin- 

purified  Water. 

o-oi 

New  Well  at  Deptford 

429-4 

29-7 

0-48 

0-05 

5-45 

25-0 

iBath  Well  at  Deptford 

354-4 

26-6 

0-44 

0-07 

o- 

3'63 

23-0 

Garden  Well  at ' 

409-6 

28-8 

0-56 

0-11 

o- 

3-54 

24-0 

Deptford 

0-07 

3-54 

16-0 

"Well  at  Shortlands 

306-4 

23  9 

0-21 

o- 

Well  at  Cray  ford 

352  0 

25 -7 

0-31 

0-05 

0- 

5-05 

22-5 

Well  at  Plumstead 

508-0 

30-6 

0-81 

0-11 

o- 

3-38 

46-0 

•*  Well  at  Belvidero 

405-2 

22-4 

1-00 

0-37 

o- 

20-79 

33  5 

•*  Well  at  Charlton 

928-0 

42-6 

1-39 

0-28 

o- 

901 

197-0 

■Hew  River  Company. 
Xee  Water  at  New 
River  intake  . 

\ 

344-0 

25-7 

2-87 

0-67 

0-05 

3-81 

18-0 

'New  River  at  Horn-  ) 
sey  Wheelhouse  j 

329-0 

24-2 

3*75 

0-59 

0-05 

3-71 

17-0 

'New  River  after 

Subsidence  and 
Filtration 

220*0 

16-6 

2-27 

0-43 

0-02 

1-86 

16-5 

Unfiltered  Thames  ' 
IThames  Water  Fil- 1 

246-0 

19-4 

1-29 

0-23 

o- 

1-88 

16-0 

tered  thro’  Fresh 
Animal  Charcoal 

194-0 

15-2 

0-29 

0-07 

0-13 

1-94 

16-0 

Unfiltered  Thames ) 
Water  . . j 

Thames  Water  Fil- 1 

289-0 

21-8 

1-95 

0-74 

o- 

1-23 

20  0 

tered  through 

Spongy  Iron.  , 

168-6 

11-6 

0-63 

0-35 

0-28 

o- 

20-0 

* Probably  now  abandoned  as  polluted  by  sewage  and  manure. 
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Tho  serious  drawback  to  the  use  of  animal  charcoal  is 
that  it  is  liable  to  collect  minute  worms  and  favour  organic 
life  ; on  the  other  hand,  though  the  spongy  iron  is  perhaps 
the  most  valuable  filtering  material  known,  the  renewal  or 
replacement  of  it  at  intervals  (which  for  cleanliness  in  any 
material  should  not  exceed  a month)  might  be  rather 
costly.  "While  the  practice  of  filtering  drinking-water  in 
households  is  one  much  to  be  commended  under  any  cir- 
cumstances, it  must  be  borne  in  mind  that  filtration  is 
utterly  powerless  as  a safeguard  against  the  propagation 
of  typhoid  fever  and  epidemic  disease  through  water  that 
has  been  contaminated;  and  that  filtration  entrusted  to 
servants  is  frequently  a mode  of  rendering  water  more  im- 
pure than  before.  In  Oriental  countries  the  women  of  the 
family,  whether  princesses  or  of  humble  rank,  fetch,  cool, 
and  take  care  of  the  drinking  water,  a custom  worthy  of 
imitation  everywhere,  especially  with  filtered  water.  Cor- 
respondingly also,  the  men  should  interest  themselves  in  the  , 
cleanliness  of  the  cisterns  and  water-pipes,  and  their  entire 
separation  from  drain-pipes,  sinks,  closets,  gas-pipes,  and 
all  sources  of  impure  air  and  foulness. 

Precipitation  is  a mode  of  cleansing  water  by  very  fine 
powders,  or  substances  in  a minute  state  of  division  : these 
in  their  downward  course  under  gravity  carry  away  me- 
chanically much  of  the  impurities.  The  precipitants  that 
have  been  used  for  this  purpose  are  very  various ; it  is  a 
process  which,  when  applied  to  drinking-water,  is  looked 
on  with  much  disfavour ; people  say  they  do  not  want  their 
drinking-water  doctored  or  drugged,  and  dislike  the  risk 
of  mistake  about  it. 

Distillation,  condensation,  and  boiling  are  modes  of 
treating  water  usual  only  under  extreme  circumstances, 
in  places  where  tolerably  good  fresh  water  is  not  to  be  had, 
or  at  sea,  or  when  an  epidemic  is  raging  or  has  com- 
menced. The  time  necessary  for  the  water  to  cool,  and 
tho  subsequent  aeration  required  to  make  it  palatable, 
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seem  to  bo  tedious  drawbacks  that  militate  against  these 
methods.  It  may  be  noticed  that  continuous  boiling  for 
about  an  hour  is  necessary  for  the  purification  of  suspected 
water,  and  though  this  is  one  of  the  best  means  known 
for  rapidly  effecting  it,  there  is  some  doubt  as  to  its  in- 
variable success. 

The  purification  of  water  by  mixing  in  it  substances 
that  effect  a chemical  action  on  the  impurities  is,  as  the 
use  of  precipitants,  much  disliked  generally,  and  would 
never  be  permitted  in  a public  service  water  supply.  In 
households,  the  most  convenient  chemical  method  is, 
perhaps,  the  addition  of  a small  pinch  of  permanganate  of 
potash  to  a large  jugful  of  water,  and  leaving  it  for  a few 
hours  to  act  before  drinking. 

Irrigation  is  the  natural  correct  mode  of  employing  con- 
taminated water  : it  utilises  the  organic  impurities  in  fer- 
tilising land,  and  favours  the  growth  of  crops.  The 
effluent  water  from  any  sort  of  irrigation  as  well  as  that 
from  cultivated  manured  land,  under  special  management, 
intermittent  action,  and  deep  under- drain  age,  may  bo 
rendered  very  clean,  and  useful  for  many  purposes,  as 
washing- water  and  flushing-water  ( see  page  160).  It 
should  not  be  used  as  drinking-water,  however  pure  it 
may  be,  and  however  low  the  organic  impurities  may 
be  (in  this  respect  it  is  often  better  than  filtered  Thames 
water),  on  account  of  the  exclusively  animal  origin  of 
such  impurities ; but  it  certainly  ranks  above  shallow 
well  water. 

Washing-  Water. — The  purity  of  water  for  personal  wash- 
ing, bathing,  lavatories,  and  laundry- work  is  a subject  on 
which  very  little  attention  has  been  bestowed  ; its  softness 
from  economic  considerations  being  thought  a more  im- 
portant quality.  While  it  may  be  admitted  that  water  for 
external  application  need  not  be  so  pure  or  wholesome  as 
drinking-water,  there  should  yet  be  some  limit  to  its 
impurity.  Certain  substances  are  poisons  when  applied 
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by  way  of  cataplasm  to  the  external  skin  ; certain  diseases 
may  be  transferred  through  any  slight  abrasion  or  scratch, 
and  it  is  difficult  to  say  how  much  or  how  little  dilution 
would  prevent  virus  from  taking  effect  either  in  hand- 
washing or  bathing,  or  by  transfer  through  the  washing  of 
linen  to  be  worn  next  to  the  skin  for  a certain  time 
As  to  sewage  impurities,  the  few  cases  in  which  persons 
have  taken  an  involuntary  partial  bath  in  simple  fresh 
sewage  have  indicated  that  no  ill  effect  results ; but  it 
might  be  otherwise  with  either  putrescent  sewage,  or 
sewage  from  diseased  patients.  The  partly  oxidised  resi- 
dues from  sewage  may  also  have  no  ill  effect,  while 
ammoniacal  residues,  far  from  doing  harm,  would  pro- 
bably aid  in  cleansing  the  skin,  and  in  the  removal  of 
greasy  matters  from  linen. 

As  to  organic  impurities  due  to  putrescent  vegetable 
matter,  there  is  no  evidence  attainable  in  England ; but  if 
we  look  to  other  countries  there  are  strong  indications 
of  poisonous  and  semi-poisonous  effects  due  to  personal 
contact  with  water  containing  them  either  in  suspension  or 
in  solution.  In  some  tracts  of  country  in  South  America 
there  is  literally  nothing  but  forest  and  marsh,  rivers  and 
lagoons,  for  hundreds  of  miles.  Not  a single  inhabitant ; 
even  wild  animals  are  scarce ; no  mines,  or  chance  of 
mineral  poison;  the  contamination  of  water  is  purely  of 
vegetable  origin  ; yet  a mere  partial  wetting  of  the  body, 
without  immediate  wiping  dry,  produces  fever,  and  a 
soaking,  or  total  immersion  in  the  water,  produces  such 
severe  fever  as  to  result  in  death  in  many,  if  not  in  most, 
cases.  Not  only  the  lagoons  but  the  running  streams 
and  rivers  possess  this  quality.  It  is  well  known  there 
that  immediate  rubbing  dry  renders  even  an  immersion 
harmless  ; but  towels  are  not  always  available  on  a 
journey.  Such  effects  cannot  be  attributable  to  chill,  as 
the  climate  is  hot,  and  the  sun  will  dry  one  very  rapidly. 

The  conclusion  seems  inevitable  that  putrescent  organic 
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impurities  of  vegetable  origin  are  generally  poisonous 
when  applied  to  the  skin  and  allowed  to  remain  there.  It 
might  be  urged  that  in  such  a country  where  strong  vege- 
table poisons  exist,  where  the  manzanilla  produces  attacks 
resembling  epilepsy,  and  may  cause  death  to  those  that 
merely  remain  within  its  influence  ; where  the  scratch  from  a 
passing  bough  of  more  than  one  tree  will  cause  fearful 
swelling  of  the  whole  head,  and  endanger  life — the  before- 
mentioned  effects  may  be  due  to  some  special  poison.  The 
wide-spread  cases,  known  and  observed,  are  opposed  to 
this  view ; while  the  additional  fact,  that  in  the  same 
districts  the  mosquitos,  gnats,  and  water-insects  of  many 
varieties,  have  a corresponding  power  of  causing  fever  and 
in  some  cases  death,  supports  the  conclusion  before  given. 

If  this  deduction  is  generally  correct,  one  of  the  chief 
objects  of  analysis  of  washing- water  should  be  the  deter- 
mination of  the  organic  vegetable  impurities,  and  the 
production  of  evidence  of  their  existence  in  various  stages 
of  putrescence  and  oxidation;  while  in  Dr.  Frankland’s 
analytical  results,  the  proportion  and  amount  of  organic 
carbon  is  the  sole  and  very  untrustworthy  guide.  If  the 
deduction  is  not  correct,  the  only  remaining  alternative  is 
to  suppose  the  impurities  in  the  South  American  waters  to 
be  due  to  a special  type  of  putrescent  organic  matter  from 
swarms  of  dead  insects  and  animalcules.  In  either  case  the 
effect  on  bathing-water  is  important  from  its  indications. 

The  impurity  of  water  used  in  laundry-work,  and  con- 
sequent ill-effects — transmitted  contagion,  &c. — are  also 
matters  yet  uninvestigated.  The  use  of  caustic  alkalis — 
and  other  things  that  destroy  linen — is  often  deemed 
sufficient  preservative  against  all  impurities  in  the  exces- 
sively filthy  water  used  in  London  laundries,  more  espe- 
cially by  French  laundresses,  or  bleachers.  But  this 
idea  is  not  correct,  for  Dr.  Frankland’s  analyses  of 
Thames  water,  before  and  after  using  Clark’s  caustic-lime 
process,  show  that  on  the  average  the  organic  carbon  is 
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reduced  by  only  one-tliird,  and  the  organic  nitrogen  ia 
sometimes  diminished  and  sometimes  increased.  (See  page 
215  of  Sixth  Report.)  Of  the  enormous  economy  in  soap 
resulting  from  using  soft  water  there  is  no  doubt,  nor  is 
there  any  doubt  that  Clark’s  caustic-lime  method  is  the 
cheapest  way  of  removing  temporary  hardness  from  water ; 
but  such  operations  are  best  carried  out  by  water  com- 
panies on  a large  scale,  as  at  Tring,  Canterbury,  and 
Caterham.  The  limits  of  hardness  usual  for  water  used 
in  washing  are  from  3 to  7 degrees. 

The  geological  formations  generally  yielding  soft  water 
are  the  igneous,  metamorphic,  and  Cambrian  rocks ; the 
non- calcareous,  Silurian,  Devonian,  and  carboniferous 
strata;  the  millstone  grit,  lower  green-sand,  London  and 
Oxford  clay,  Bagshot  beds,  and  non-calcareous  gravel. 

See  also  hardness  of  potable  waters  at  page  148. 

Flushing  Water.— The  water  employed  in  scrubbing  floors, 
washing  buildings,  watering  streets,  and  flushing  latrines,  j 
urinals,  and  drains,  is  generally  supposed  to  be  of  a sort  | 
requiring  but  little  purity.  It  certainly  need  not  be  pure 
as  washing-water  for  personal  purposes,  yet  its  purity  is 
not  a matter  of  indifference.  Any  impurities  it  may  have 
are  spread  over  large  areas  the  interiors  of  dwelling- 
houses  and  the  whole  roadway  of  all  the  streets.  The 
water  evaporates  or  runs  off,  the  impurities  are  wafted 
by  the  wind  or  the  draught,  and  a certain  pioportion  of 
them  must  reach  the  lungs  of  the  people.  Hence  the 
need  of  some  reasonable  limit  to  the  contamination  even  of 

sucli  Welter. 

Writer  for  IIorse-Troughs , Cattle-Ponds,  fyc. — As  the  horse, 
and  more  especially  the  well-bred  horse,  is  an  animal  pos- 
sessing high  discriminating  sense  with  regard  to  good 
drinking-water,  and  seems  to  be  fully  aware  that  his  diges- 
tion suffers  from  both  bad  water  and  hard  water,  the  limits 
of  purity  and  hardness  are  best  determined  by  his  choice. 
Horned  cattle,  sheep,  and  many  other  animals,  seem  to  be 
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comparatively  indifferent  as  to  the  quality  of  the  water 
they  drink. 

Factory  and  Boiler  Water. — The  water  for  use  in  some  of 
the  industrial  arts  and  manufactures,  in  some  branches  of 
dyeing,  in  brewing,  require  both  a high  degree  of  purity 
and  a low  grade  of  hardness ; in  others,  almost  any  water 
will  answer  the  required  purpose.  The  special  require- 
ments and  conditions  have  therefore  to  be  studied  in  each 
case.  Brewers  generally  require  two  sorts  of  water — one 
hard,  the  other  soft.  The  water  for  boilers  of  factories  and 
steam-engines  should  have  a low  grade  of  hardness,  not 
exceeding  five,  so  as  to  prevent  incrustation,  which,  in 
some  cases,  might  cause  absolute  danger. 

Irrigation  Water. — The  water  used  in  irrigation  has  to  be 
suited  both  to  the  crop  grown  and  to  the  soil  irrigated ; its 
value  is  dependent  on  its  fertilising  qualities  or  manurial 
i constituents.  (See  Analysis,  on  page  136,  of  the  Water  of 
the  Nile.)  The  organic  impurities  objectionable  in  drinking- 
* water  are  useful  in  irrigation  water.  It  must  not,  however, 
be  imagined  that  all  town  refuse  can  be  usefully  employed 
i in  irrigation  even  on  a sewage  farm : the  road  grit,  flints, 

: foul  cinders,  gravel,  broken  kettles  and  old  sheets  of  corru- 
j gated  iron,  smashed  china,  and  many  other  things,  add 
i nothing  to  the  fertility  of  the  soil  or  the  growth  of  crops. 
Even  where  the  town  drainage  consists  of  simple  sewage, 
i much  of  this  even  is  inert  matter:  the  ammonia,  nitrates, 
phosphates,  and  alkaline  silicates  are  the  principal  manu- 
rial constituents  of  value,  and  the  fresh  urine,  applied  to 
the  soil  before  putrescence  or  extreme  dilution,  is  the  most 
useful  part,  by  bulk,  in  town  refuse.  The  control  of  the 
- supply  of  irrigation  water,  whether  manurial  or  not,  must 
be  left  entirely  in  the  hands  of  the  farmer.  He  cannot  be 
expected  to  flood  his  fields  with  storm  water  or  cover  them 
with  refuse,  regardless  of  the  effect  on  the  crop  or  the  soil. 
•The  periods  of  intermission  must  bo  determined  by  him, 
mot  by  municipal  officials,  that  are  merely  interested  in 
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getting  rid  of  their  refuse.  For  further  information  on  the 
use  and  application  of  irrigation  water,  see  articles  on 
“ The  Watering  of  Land  and  on  the  Drainage  of  Fields,” 
in  Chapter  III.,  ‘‘Hydraulic  Manual,”  fourth  edition, 
Lockwood,  1883. 


L.  J. 
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1 Absorbing  wells,  7. 

Air,  removal  of  impure,  from  wells, 43. 

Analysis  of  water  generally,  134. 

Analysis  of  potable  water,’ 137. 

: Artesian  well  at  Bulphan  Fen  de- 
scribed, 90;  near  Calais,  82;  at 
Caledonian-road,  86;  at  Camden 
Station,  65 ; at  Crenelle,  described, 
4,  31,  77  ; at  Hampstead,  72 ; at 
Hanwell  Asylum,  68  ; at  Kilburn, 
described,  70 ; at  Northam,  85  ; at 
Southampton,  84;  near  Tours,  80. 

Artesian  wells  described,  8 ; law  re- 
gulating the  height  to  which  water 
will  rise  in,  35. 

Artesian  wells  made  after  1851, 92 ; in 
African  Sahara,  101  ; Brighton, 
103 ; Hampstead,  93 ; Harwich,  94 ; 
Hastings,  102  ; London,  108 ; Mid- 
dlesborough,  102  ; Rugby,  102  ; 
in  subcretaceous  formation  near 
London,  104;  general  remarks  on, 
107. 

heart’s  boring  apparatus  described, 
46. 

Boiling  spring  at  Broseley  described, 
26. 

Bolder  Horn,  an  account  of,  26. 

Bore,  tools  for  enlarging  a,  56. 

Boring  for  water,  antiquity  of,  1. 

•Boring,  application  of,  to’  pile-driv- 
ing>  6 ; Heart’s  apparatus,  46. 

! Boring  in  China,  2 ; Chinese  system, 

Boring  described,  44. 

Boring,  economy  of,  6. 

Boring  in  Egypt,  1. 

Boring,  first  use  of,  in  England,  3 ; 
guide  trunks,  48 ; permanent  pipes, 
48;  permanent  perforated  pipes, 
48;  plug  for  lowering  the  pipes, 
49;  preparations  for,  49 ; purposes 
to  which  boring  may  be  applied,  5. 


Boring  rods,  described,  46 ; method 
of  communicating  the  different 
motions  to  the,  50 ; slide  joints  of, 
explained,  53 ; tubular,  53;  weight 
of,  52 ; wooden,  52. 

Boring  scotch  described,  57. 

Boring  stage,  position  of,  47. 

Boring  tools,  described,  53  ; for  en- 
larging bores,  56 ; for  withdrawing 
broken  rods,  57. 

Boring,  usual  plan,  45. 

Boring,  value  of  a journal  of  opera- 
tions, 8. 

Broseley,  Shropshire,  boiling  spring 
at,  26. 

Bucket,  windlass  and,  described,  112. 

Bulphan  Fen,  Artesian  well  at,  de- 
scribed. 90. 

Calais,  Artesian  well  near,  described, 
82 ; strata  passed  through,  83. 

Caledonian-road,  Artesian  well  near, 

86. 

Camden  Station,  Artesian  well  at, 
described,  65;  depth,  65;  section, 
65;  pumps,  66;  engine,  67;  ana- 
lysis of  water,  68. 

Carbonic  acid,  removal  of,  from 
wells,  43. 

Cassini  on  boring  for  water,  3 

Cattle  troughs  and  ponds,  160 

Cement,  method  of  using,  71  n. 

Chalk  springs,  33 ; water-level  in,  34. 

Chichester,  well  at,  83 ; strata  passed 
through,  83. 

China,  boring  in,  2. 

Chinese  system  of  boring  explained, 
44. 

Clutterbuck  on  the  inclination  of  the 
water-line  in  the  Hampshire  and 
London  Basins,  35. 

Common  wells  described,  8. 

Cornish  pumping-engines,  action  of, 
explained,  63, 121. 
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Dalton’s  calculation  on  the  district 
drained  by  the  Thames,  11. 

Deep-seated  springs  described,  14. 

Descent,  increase  of  temperature 
with,  32. 

Digging  wells  described,  37  ; exca- 
vating, 37  ; implements  for  exca- 
vating, 37. 

Divining  rod,  27. 

Drinking-water,  impressions  about, 
125  ; natural  appearances  and  in- 
dications of,  129;  testing  for 
traces  of  impurities,  132 ; despatch 
of,  for  the  analyst,  133  ; analyses, 
133,  134. 

Economy  of  boring,  5. 

Egypt,  boring  in,  1. 

Engine,  action  of  a pumping,  de- 
scribed, 63,  121. 

England,  annual  rainfall  of,  11. 

Factory  and  boiler  water,  161. 

First  notice  of  boring  in  England,  3. 

Flushing  water,  160. 

Forcing-pumps,  construction  of,  115. 

Fort  Regent,  Jersey,  well  at,  75;  cost 
of,  76 ; depth,  75  ; progress,  76  ; 
pump  for,  77  ; quantities  of  various 
articles  used,  77. 

Fountain  of  Mines,  25. 

Fountain  of  Vaucluse,  25. 

Fountains  in  Trafalgar  Square,  wells 
of,  described,  62  ; strata  passed 
through  in  sinking,  63  ; pumping- 
engines  for,  63. 

Fresh-water  spring  in  the  Gulf  of 
Spezzia,  26. 

Gauging  apparatus  for  wells  de- 
scribed, 123. 

Geologic  strata  in  England,  20. 

Geologic  classification  generally,  24. 

Great  Geyser  described,  25. 

Grenelle,  Artesian  well  at,  4,  31,  77  ; 
cost,  80  ; depth,  78  ; difficulties  of 
boring  the,  79  ; strata  passed 
through,  79  ; supply  from,  80. 

Gulf  of  Spezzia,  fresh-water  spring 
in  the,  26. 

Hampshire  Basin,  inclination  of 
water-line  in  the,  32. 

Hampstead,  Artesian  well  at,  de- 
scribed, 72  ; steining,  72  ; section, 
72  ; pumps,  73. 

Hanwell  Asylum,  well  at,  described, 


68  ; section  of,  69  ; depth,  69 
analysis  of  water,  70. 

Hard  potable  waters,  148. 

Hardness  of  washing  water,  160. 

Hot  springs  of  Iceland,  25. 

Iceland,  hot  springs  of,  25. 

Impurities,  suspicious  proportions  of 

147. 

Indications  of  springs,  27. 

I nfiltration  of  sea-water,  16. 

Intermittent  springs,  phenomena  of, 
explained,  36. 

Irrigation  water,  161  ; analysis,  136. 

Italy,  method  of  finding  springs  in, 
28. 

Journal  of  boring  operations,  Ac.,  8; 
example,  9. 

Kilburn,  well  at  Messrs.  Verey’s,  at, 
70  ; cost,  72  ; dimensions,  70  ; 
steining,  71  ; pumps  for,  71 

Land-springs  described,  13. 

Laws  of  subterranean  waters,  27. 

Lillers,  well  at,  3. 

Loiret,  fountain  of,  described,  26. 

London,  fall  of  the  wrater-line  in,  29. 

London  Basin,  inclination  of  the 
water-line  in  the,  29 ; observations 
on  sinking  -wells  in  the,  73 ; sec- 
tion of  basin  explained,  15. 

Motive  power  for  working  pumps, 121. 

Mines,  fountain  of,  25. 

Norland  House,  boring  at,  5. 

Northam,  Artesian  well  at,  85. 

Organic  pollution,  140. 

Faderborn,  spring  at,  26. 

Pile-driving,  application  of  boring 
to,  6. 

Plunger  pump,  115. 

Pollution,  organic,  140. 

Power  of  a pump,  calculation  of  the, 
118. 

Power  required  to  work  a pump,  118. 

Processes  adopted  bv  Dr.  Frankland, 
138. 

Pumping  engines  of  the  fountains  in 
Trafalgar  Square  described,  63. 

Pumps,  action  of,  explained,  113  ; ar- 
rangement of,  when  more  than  one 
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was  used, 116;  forcing,  construction 
of, 115;  limit  of,  114 ; materials  for, 
113 ; motive  power  for,  121  ; neces- 
sity of  periodical  examinations  of, 
123  ; plunger,  115 ; power  required 
to  work  a,  1.18;  principle  of  the, 
113 ; remarks  on  pumping-engines, 
122  ; rods  of,  117 ; wind  as  a 
motive  power  for,  120. 

Purification  of  water,  149 ; effect 
shown  by  analyses,  154. 

Rainfall,  annual,  of  England  and 
Wales,  11. 

Raising  water,  methods  of,  112. 

Rods,  boring,  described,  49  ; method 
of  communicating  motion  to,  49  ; 
slide  joint  for,  53  ; tools  for  with- 
drawing broken,  57 ; tubular,  53  ; 
weight,  52  ; wooden,  52. 

Rods,  pump,  117. 

Scotch  described,  57. 

Sea,  infiltration  from  the,  16. 

Seine,  quantity  of  water  discharged 
by  the,  12. 

Sorgue,  supply  of  the  river,  de- 
scribed, 25. 

Southampton,  Artesian  well  at,  de- 
scribed, 31,  84  ; strata  passed 
through,  85 ; analysis  of  the  water, 
85. 

Specifications  for  well-sinking,  61 ; 
for  well-sinking  and  boring,  58. 

Spezzia,  fresh-water  spring  in  the 
Gulf  of,  26. 

Spring  at  Brosele}7,  Shropshire,  de- 
scribed, 26  ; at  Paderborn,  26. 

Spring,  fresh-water,  in  the  Gulf  of 
Spezzia,  26;  in  the  Bay  of  Xagna, 
26. 

Springs,  chalk,  33. 

Springs,  deep-seated,  14 ; controversy 
on  the  supply  of,  10. 

Springs,  hot,  of  Iceland,  25. 

Springs,  land,  described,  13  ; method 
of  finding,  in  Italy,  28  ; pheno- 
mena of  intermittent,  explained, 
36  ; phenomena  of,  in  the  strata 
of  England  and  Wales,  20  ; rules 
for  finding,  27  ; supply  of,  10 ; 
theory  of,  explained,  10. 

Steam  as  a motive  power  for  pumps, 

Steining  described,  38  ; bricks  for, 
38  ; cement  for,  41  ; excavating 
from  one  ring  to  another,  40 : 


execution  of  9-inch  work,  42  ; 
iron,  43  ; methods  of,  38  ; method 
of  laying  the  bricks,  41 ; old 
method  of,  39  ; old  use  of,  in  sandy 
soils,  41  ; passing  through  land- 
springs,  38  ; present  method,  38  ; 
thickness  of,  38  ; use  of  iron 
cylinders  for,  38  ; use  of  iron  tie- 
rods,  41 ; use  of  puddle,  37. 

Strata  described  with  reference  to 
their  water-bearing  character,  21. 

Strata,  order  of  superposition,  21. 

Strata  yielding  hard  water,  149 ; 
yielding  soft  water,  160. 

Suspicious  sources,  148. 

Suspicious  proportion  of  impurities, 
147. 

Table  showing  the  contents  of  wells 
of  different  diameters  for  every 
foot  of  depth,  115 

Tables  of  analyses,  136, 143,  154. 

Temperature,  increase  of,  with  de- 
scent, 32. 

Temperature,  Walferdin’s  experi- 
ments on  the  increase  of,  with  de- 
scent, 79. 

Tests  for  trace  of  impurity,  132. 

Thames,  area  drained  by  the,  11; 
quantity  of  water  annually  dis- 
charged into  the  sea  by  the,  12. 

Theory  of  springs  explained,  10. 

Tools,  boring,  described,  50. 

Tools  used  for  boring  the  Artesian 
well  at  Grenelle,  80. 

Tours,  wells  near,  in  the  valley  of  the 
Loire,  80;  cost  82;  supply  from, 
81. 

Units  for  estimating  water,  118. 

Units  in  analyses,  135. 

Valleys,  general  situation  of  springs 
in,  28. 

Vaucluse,  fountain  of,  described,  25 

Walferdin’s  experiments  on  the  in- 
crease of  temperature  with  descent, 
79. 

Washing  water,  157. 

Water,  height  to  which  it  will  rise 
in  an  Artesian  well,  35;  level  in 
chalk,  35. 

Water-line,  fall  of  the,  in  the  London 
Basin,  35 ; inclination  of,  in  the 
Hampshire  Basin,  32;  inclination 
of  the,  in  the  London  Basin,  29. 
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Water,  methods  of  raising,  112. 
common  pumps,  112  ; forcing 
pumps,  115  ; plunger  pumps,  115  ; 
windlass  and  bucket,  112. 

Water,  quantity  annually  discharged 
into  the  sea  by  the  Thames,  12 ; 
quantity  thrown  by  a pump,  118  ; 
table  showing  the  number  of  gal- 
lons for  every  foot,  in  wells  of  dif- 
ferent diameters,  115  ; weight  of, 
118. 

Water,  the  objects  and  uses  of,  124. 

Waters,  laws  of  subterranean,  25. 

Well  at  Bulphan  Fen  described,  90. 

Wells,  Artesian,  described,  8 ; height 
to  which  water  will  rise  in,  85; 
near  Tours,  described,  80. 

Well,  Artesian,  at  Caledonian-road, 
86 ; at  Camden  Station,  65 ; ob- 
servations on  ditto,  66 ; near  Calais, 
82 ; at  Chichester,  83 ; at  Fort 
Regent,  Jorsey,  75;  at  Grenelle, 
described,  4,  31,  77;  Hampstead, 
account  of,  72  ; Hanwell  Asylum, 
68 ; at  Kilburn,  70  ; at  Lillers,  3 ; 
at  Northam,  85 ; at  Southampton, 
84. 

Well-digging  described,  37  ; exca- 
vating, 37 ; steining  described,  38. 


Well-sinking,  modification  of  the  an- 
cient method  now  practised,  8; 
at  Southampton,  31  ; specification 
for,  61. 

Well-sinking,  and  boring,  specifica- 
tions for,  58 ; value  of  keeping 
a journal  of  operations,  8. 

Wells,  absorbing,  7. 

Wells,  antiquity  of,  1. 

Wells,  common,  8 ; for  supplying 
the  fountains  in  Trafalgar  Square, 
described,  62 ; gauging  apparatus 
for,  123  ; in  the  London  Basin, 
observations  on  sinking,  73 ; perio- 
dical examinations  of,  123 ; plan 
for  keeping  the  air  pure  at  the 
bottom  of,  43;  table  showing  the 
contents  of,  of  different  diameters, 
for  every  foot  ©f  depth,  115. 

Wheel -work,  arrangement  of,  for 
working  pumps,  112, 122. 

Windlass  for  raising  water  described, 

112. 

Wooden  pumps,  117. 

Wren’s  (Sir  C.)  use  of  boring,  3. 


Xagna,  fresh -water  spring  in  the 
Bay  of 5 26. 


THE  END. 
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CIVIL  ENGINEERING,  SURVEYING,  ETC. 
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31.  WELLS  AND  WE  LL-S  IN  ILL NG.  By  John  Geo.  Swindell, 
A.R.I.R.A.,  and  G.  R.  Burnell,  C.E.  Revised  Edition.  With  a New 
Appendix  on  the  Qualities  of  Water.  Illustrated.  2s. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE,  for 

Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of  Bridges. 
By  Gen.  Sir  John  Burgoyne,  Bart.,  K.C.B.  Illustrated,  is.  6d. 

43.  TUBULAR,  AND  OTHER  IRON  GIRDER  BRIDGES,  par- 

ticularly describing  the  Britannia  and  Conway  Tubular  Bridges.  By  G. 
Drysdale  Dempsey,  C.E.  Fourth  Edition.  2s. 

44.  FOUNDATIONS  AND  ' CONCRETE  WORKS,  with  Practical 

Remarks!  on  Footings,  Sand,  Concrete,  Beton,  Pile-driving,  Caissons,  and 
Cofferdams,  &c.  By  E.  Dobson.  Fifth  Edition,  is.  6d. 

60.  LAND  AND  ENGINEERING  SURVEYING.  By  T.  Baker, 

C.E.  Fourteenth  Edition,  revised  by  Professor  J.  R.  Young.  2s. i 

80*.  EMBANKING  LANDS  FROM  THE  SEA.  With  examples 

and  Particulars  of  actual  Embankments,  8cc.  By  J.  Wiggins,  F.G.S.  2s. 

81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 

a Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water ; and  Details  of  Engines  and  Pumping  Machinery 
for  raising  Water.  By  Samuel  Hughes,  F.G.S.,  C.E.  New  Edition.  4s. J 

1 18.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a Sketch 

of.  By  David  Stevenson,  F.R.S.E.,  &c.  Plates  and  Diagrams.  3s. 

167.  IRON  BRIDGES,  GIRDERS,  ROOFS , AND  OTHER , 
WORKS.  By  Francis  Campin,  C.E.  2s.  6d.t 
197.  ROADS  AND  STREETS  (THE  CONSTRUCTION  OF). 

By  Henry  Law,  C.E.,  revised  and  enlarged  by  D.  K.  Clark,  C.E.,  including 
pavements  of  Stone,  Wood,  Asphalte,  &c.  4s.  6d4 

203.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 

VILLAGES.  By  C.-Slago,  A.M.I.C.E.  Revised  Edition.  3s.i 

212.  GAS-  WORKS,  THEIR  CONSTR  UC  LION  AND  ARRANGE- 

MENT ; and  the  Manufacture  and  Distribution  of  Coal  Gas.  Originally 
written  lay  Samuel  Hughes,  C.E.  Re-written  and  enlarged  by  William 
Richards,  C.E.  Seventh  Edition,  with  important  additions.  5s.  6d.J 

213.  PIONEER  ENGINEERING . A Treatise  on  the  Engineering 

Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Coun- 
tries. By  Edward  Dobson,  Assoc.  Inst.  C.E.  4s.  6d.t 
216.  MATERIALS  AND  CONSTRUCTION;  A Theoretical  and 

Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works  of  Con- 
struction. By  Francis  Campin,  C.E.  Second  Edition,  revised.  3s.t 

219.  CIVIL  ENGINEERING.  By  Henry  Law,  M.Inst.  C.E. 
Including  Hydraulic  Engineering  by  Geo.  R.  Burnell,  M.Inst.  C.E. 
Seventh  Edition,  revised,  with  large  additions  by  D.  Kinnear  Clark, 
M.Inst.  C.E.  6s.  6d.,  Cloth  boards,  7s.  6d. 
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MECHANICAL  ENGINEERING,  ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Heavy  Bodies.  By  Joseph  Glynn,  F.R.S.  Illustrated,  is.  6d. 

34.  THE  STEAM  ENGINE.  By  Dr.  Lardner.  Illustrated,  is.  6d. 

59.  STEAM  BOILERS : their  Construction  and  Management.  By 

R.  Armstrong,  C.E.  Illustrated,  is.  6d. 

82.  THE  POWER  OF  WATER , as  applied  to  drive  Flour  Mills, 
and  to  give  motion  to  Turbines,  &c.  By  Joseph  Glynn,  F.R.S.  2s.t 
98.  PRACTICAL  MECHANISM , the  Elements  of;  and  Machine 
Tools.  By  T.  Baker,  C.E.  With  Additions  by  J.  Nasmyth,  C.E.  2s.  6d.t 
139.  THE  STEAM  ENGINE,  a Treatise  on  the  Mathematical  Theory 

of,  with  Rules  and  Examples  for  Practical  Men.  By  T.  Baker,  C.E.  is.  6d. 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Steam 

Engines,  Bridges,  Ship-building,  Cranes,  &c.  ByJ.  G.  Winton.  Fourth 
Edition,  much  enlarged  and  carefully  revised.  3s.  6d.t  [Just  published. 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Girders.  By  J.  Armour.  2s.  6d.t 

166.  POWER  IN  MOTION : Horse-Power,  Toothed-Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.  ByJ.  Armour,  2s4 

1 7 1.  THE  WORKMAN’S  MANUAL  OF  ENGINEERING 

DRAWING.  ByJ.MAXTON.  6th  Edn.  With  7 Plates  and  350  Cuts.  3s.  6d4 
190.  STEAM  AND  THE  STEAM  ENGINE,  Stationary  and 
Portable.  Being  an  Extension  of  the  Elementary  Treatise  on  the  Steam 
Engine  of  Mr.  John  Sewell.  By  D.  K.  Clark,  M.I.C.E.  3s.  6d4 
200.  FUEL,  its  Combustion  and  Economy.  By  C.  W.  Williams 
With  Recent  Practice  in  the  Combustion  and  Economy  of  Fuel — Coal,  Coke 
Wood,  Peat,  Petroleum,  &c. — by  D.  K.  Clark,  M.I.C.E.  3S.6d4 

202.  LOCOMOTLVE  ENGINES.  By  G.  D.  Dempsey,  C.E. ; with 

large  additions  by  D.  Kinnear  Clark,  M.I.C.E.  3s4 

21 1.  THE  BOILERMAKER'S  ASSISTANT  in  Drawing,  Tern- 

plating,  and  Calculating  Boiler  and  Tank  Work.  By  John  Courtney, 
Practical  Boiler  Maker.  Edited  by  D.  K.  Clark,  C.E.  100  Illustrations.  2s. 

217.  SEWING  MACHINERY : Its  Construction,  History,  See.,  with 

full  Technical  Directions  for  Adjusting,  &c.  By  J.  W.  Urquhart,  C.E.  2S.J 

223.  MECHANICAL  ENGINEERING.  Comprising  Metallurgy, 

Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manufacture  of 
the  Steam  Engine,  &c.  By  Francis  Campin,  C.E.  Second  Edition.  2s.  6d4 

236.  DETAILS  OF  MACHINERY.  Comprising  Instructions  fot 

the  Execution  of  various  Works  in  Iron.  By  Francis  Campin, 'C.E.  is.t 

237.  THE  SMITHY  AND  FORGE;  including  the  Farrier’s  Art  and 

Coach  Smithing.  By  W.  J.  E.  Crane.  Illustrated.  2s.  6d.J 

238.  THE  SHEET-METAL  WORKER' S GUIDE;  a Practical  Hand- 

book for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.  With  94  Diagrams  and 
Working  Patterns.  By  W.  J.  E.  Crane.  Second  Edition,  revised,  is.  5d. 
251.  STEAM  AND  MACHINERY  MANAGEMENT:  with  Hints 

on  Construction  and  Selection.  By  M.  Powis  Bale,  M.I.M.E.  2s.  6d4 

254.  THE  BOILERMAKER'S  READY-RECICONER.  By  T. 

Courtney.  Edited  by  D.  K.  Clark,  C.E.  4s.,  limp  ; 5s.,  half-bound. 

255.  LOCOMOTIVE  ENGINE-DRIVING.  A Practical  Manual  for 

Engineers  in  charge  of  Locomotive  Engines.  By  Michael  Reynolds,  M.S.E. 
Eighth  Edition.  3s.  6d.,  limp  ; 4s.  6d.  cloth  boards. 

256.  STATIONARY  ENGINE-DRIVING.  A Practical  Manual  for 

Engineers  in  charge  of  Stationary  Engines.  By  Michael  Reynolds,  M.S.E. 
Third  Edition.  3s.  6d.  limp  ; 4s.  6d.  cloth  boards. 

260.  IRON  BRIDGES  OF  MODERATE  SPAN:  their  Construc- 

tion and  Erection.  By  Hamilton  W.  Pendred,  C.E.  2s. 
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MINING,  METALLURGY,  ETC. 

4.  MINERALOGY,  Rudiments  of;  a concise  View  of  the  General 
Properties  of  Minerals.  By  A.  Ramsay,  F.G.S.,  F.R.G.S.,  &c  Ihird 
Edition,  revised  and  enlarged.  Illustrated.  3s.  6d.i 

1 1 7.  SUBTERRANEOUS  SURVEYING,  with  and  without  the  Mag- 
netic Needle.  By  T.  Fenwick  and  T.  Baker,  C.E.  Illustrated.  2s.  6d.  ? 
*33*  METALLURGY  OF  COPPER  ; an  Introduction  to  the  Methods 
of  Seeking,  Mining,  and  Assaying  Copper.  By  R.  H.  Lamborn.  2s.  6d.  t 
135-  ELECTRO-METALLURGY ; Practically  Treated.  By  Alex- 
ander Watt.  Ninth  Edition,  enlarged  and  revised,  with  additional  Illus- 
trations, and  including  the  most  recent  Processes.  3s.  6d.i 

172.  MINING  TOOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 

Agents,  Students,  &c.  By  William  Morgans.  2s.  6d. 

172*.  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the  above, 

containing  235  Illustrations,  drawn  to  Scale.  4to.  4s.  6d. 

176.  METALLURGY  OF  IRON.  Containing  History  of  Iron  Manu- 
facture, Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  Fifth  Edition, 
revised  and  enlarged.  5s. t 

180.  COAL  AND  COAL  MINING.  By  Warington  \V.  Smyth, 
M.A.,  F.R.S.  Sixth  Edition,  revised  3s.  6d.t 
195.  THE  MINERAL  SURVEYOR  AND  VALUER’S  COM- 
PLETE GUIDE.  Comprising  a Treatise  on  Improved  Mining  Surveying 
and  the  Valuation  of  Mining  Properties,  with  new  Traverse  Tables.  By  W. 
Lintern,  Mining  Engineer.  Second  Edition,  with  an  Appendix  on  Magnetic 
and  Angular  Surveying.  With  Four  Plates.  3s.  6d.t  {Just published 

214.  SLATE  AND  SLATE  QUARRYING,  Scientific,  P.actical,  and 

Commercial.  By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.  3s. t 

264.  A FIRST  BOOK  OF  MINING  AND  QUARRYING,  with  the 

Sciences  connected  therewith,  for  Primary  Schools  and  Self  Instruction.  By 
J.  H.  Collins,  F.G.S.  Second  Edition,  with  additions,  is.  6d. 


ARCHITECTURE,  BUILDING,  ETC. 

16.  ARCHITECTURE — ORDERS — The  Orders  and  their  Aesthetic 

Principles.  By  W.  H.  Leeds.  Illustrated,  is.  6d. 

17.  ARCHITECTURE — STYLES — The  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.  By  T.  Talbot  Bury,  F.R.I.B.A.,  &c.  Illustrated.  2s. 

***  Orders  and  Styles  of  Architecture,  in  Otie  Vcl.,  3s.  6 d. 

18.  ARCHITECTURE— DESIGN— Ihe  Principles  of  Design  in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  ByE.L.  Garbett,  Architect.  Illustrated.  2s.6d. 
*#*  The  three  preceding  Works,  in  One  handsome  Vol.,  half  bound,  entitled 
“Modern  Architecture,”/™^  6s. 

22.  THE  ART  OF  BUILDING,  Rudiments  of.  General  Principles 
of  Construction,  Materials  used  in  Building,  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.  By  E.  Dobson,  2s.J 

25.  MASONRY  AND  STONECUTTING : Rudimentary  Treatise 
on  the  Principles  cf  Masonic  Projection  and  their  application  to  Con- 
struction. By  Edward  Dobson,  M.R.I.B.A.,  &c.  2s.  6d.t 
42.  COTTAGE  BUILDING.  By  C.  Bruce  Allen,  Architect. 
Tenth  Edition,  revised  and  enlarged.  With  a Chapter  on  Economic  Cottages 
for  Allotments,  by  Edward  E.  Allen,  C.E.  2s. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  8cc.  By  G.  R.  Burnell,  C.E.  Thirteenth  Edition,  is.  6d. 
The  f indicates  that  these  vols.  may  be  had  strongly  bound  at  id.  extia. 
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Architecture,  Building,  etc.,  continued. 

57.  WARMING  AND  VENTILATION.  An  Exposition  of  the 

General  Principles  as  applied  to  Domestic  and  Public  Buildings,  Mines, 
Lighthouses,  Ships,  &c.  By  C.  Tomlinson,  F.R.S.,  &c.  Illustrated.  3s. 

in  1 1.  ARCHES,  PIERS,  BUTTRESSES,  &c. : Experimental  Essays 

on  the  Principles  of  Construction.  By  W.  Bland.  Illustrated,  is.  6d. 

11 16.  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS ; or,  The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architect  and 
Builder.  By  T.  Roger  Smith,  M.R.I.B.A.,  Architect.  Illustrated,  is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  Richardson,  Architect.  Illustrated,  is.  6d. 

128.  VITRUVIUS— THE  ARCHITECTURE  OF  MARCUS 

VITRUVIUS  POLLO.  In  Ten  Books.  Translated  from  the  Latin  by 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.  With  23  Plates.  5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in  ; with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.  By  the  Earl  of  Aberdeen,  is. 

The  two  preceding  Works  in  One  handsome  Vol.,  half  bound,  entitled  “Ancient 

Architecture,”  price  6s. 

132.  THE  ERECTION  OF  DWELLING-HOUSES.  Illustrated  by 

a Perspective  View,  Plans,  Elevations,  and  Sections  of  a pair  of  Semi- 
detached Villas,  with  the  Specification,  Quantities,  and  Estimates,  &c.  By 
S.  H.  Brooks.  New  Edition,  with  Plates.  2s.  6d.t 

156.  QUANTITIES  & MEASUREMENTS  in  Bricklayers’,  Masons’, 

Plasterers’,  Plumbers’,  Painters’,  Paperhangers’,  Gilders’,  Smiths’,  Carpenters’ 
and  Joiners’ Work.  By  A.  C.  Beaton,  Surveyor.  New  Edition,  is.  6d. 

175.  LOCKWOOD  & SON'S  BUILDER'S  <5b  CONTRACTOR'S 

PRICE  BOOK,  containing  the  latest  Prices  of  all  kinds  of  Builders’  Materials 
and  Labour,  and  of  all  Trades  connected  with  Building,  &c.,  &c.  Edited 
by  F.  T.  W.  Miller,  Architect.  Published  annually.  3s.  6d. ; half  bound,  4s. 

182.  CARPENTRY  AND  JOINERY—  The  Elementary  Prin- 
ciples of  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Tredgold,  C.E-  With  a TREATISE  ON  JOINERY  by  E. 
Wyndham  Tarn.  M.A.  Fourth  Edition,  Revised.  3s.  6d.t 

182*.  CARPENTRY  AND  JOINERY.  ATLAS  of  35  Plates  to 

accompany  the  above.  With  Descriptive  Letterpress.  4to.  6s. 

185.  THE  COMPLETE  MEASURER  ; the  Measurement  of  Boards, 

Glass.  &c. ; Unequal-sided,  Square-sided,  Octagonal-sided,  Round  Timber 
and  Stone,  and  Standing  Timber,  &c.  By  Richard  Horton.  Fifth 
Edition.  4s.  ; strongly  bound  in  leather,  5s. 

187.  HINTS  TO  YOUNG  ARCHITECTS.  By  G.  Wightwick. 

New  Edition.  Bj’  G.  H.  Guillaume.  Illustrated.  3s.  6d.f 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING : with  a Course  of  Elementary  Drawing  for  House- Painters,  Sign- 
Writers,  8cc.,  and  a Collection  of  Useful  Receipts.  By  Ellis  A.  Davidson. 
Fifth  Edition.  With  Coloured  Plates.  5s.  cloth  limp;  6s.  cloth  boards. 

189.  THE  RUDIMENTS  OF  PRACTICAL  BRICKLAYING. 

In  Six  Sections  : General  Principles;  Arch  Drawing,  Cutting,  and  Setting; 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering;  Practical 
Geometry,  Mensuration,  &c.  By  Adam  Hammond.  Sixth  Edition,  is.  6d. 

19 1 . PLUMBING.  A Text-Book  to  the  Practice  of  the  Art  or  Craft  of 

the  Plumber.  With  Chapters  upon  House  Drainage  and  Ventilation.  Fifth 
Edition.  With  380  Illustrations.  By  W.  P.  Buchan.  3s.  6d.t 

192.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S, 

and  BUILDER’S  STANDARD  GUIDE.  Ry  R.  E.  Grandy.  2s. 

206.  A BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 
Church  Restoration.  With  the  Theory  of  Domes  and  the  Great  Pyramid. 
&c.  By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.  4s.  6d.t 

JfciV  I he  % indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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Architecture,  Building,  etc.,  continued. 

226.  THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 

Construction  of  various  kinds  of  Engineering  and  Architectural  Works.  P,y 
VV  yvillJ.  Christy,  Architect.  With  upwards  of  160  Engravings  on  Wood  is  i 

228.  THE  CONSTRUCTION  OF  ROOFS  OF  WOOD  AND  IRON. 

By  E.  Wyndham  Tarn,  M.A.,  Architect.  Second  Edition,  revised,  is  6d 

229.  ELEMENTARY  DECORATION:  as  applied  to  the  Interior 

and  Exterior  Decoration  of  Dwelling-Houses,  &c.  ByJ.  W.  Facey.  2s. 

257-  PRACTICAL  HOUSE  DECORATION.  A Guide  to  the  Art 

# °f  Ornamental  Painting.  By  James  W.  Facky.  2s.  6d. 

* 1 net™  preceding  Works,  in  One  handsome  Vol.,  half -bound,  entitled  “ House 
Decoration,  Elementary  and  Practical,”  price  5s. 

230.  HANDRAILIN G.  Showing  New  and  Simple  Methods  for  finding 

the  Pitch  of  the  Plank.  Drawing  the  Moulds,  Bevelling,  Jointing-up,  and 
r?^n^*h«Wreath.  By  George  Collings.  Plates  and  Diagrams.  is.6d. 

247.  BUILDING  ESTATES  : a Rudimentary  Treatise  on  the  Develop- 

ment, Sale,  Purchase,  and  General  Management  of  Building  Land.  By 
kowLER  Maitland,  Surveyor.  Second  Edition,  revised.  2s. 

248.  PORTLAND  CEMENT  FOR  USERS.  By  Henry  Faija 

Assoc.  M.  Inst.  C.E.  Second  Edition,  corrected.  Illustrated.  2s. 

252.  BRICKWORK : a Practical  Treatise,  embodying  the  General 

and  Higher  Principles  of  Bricklaying,  Cutting  and  Setting,  &c.  By  F. 
Walker.  Second  Edition,  Revised  and  Enlarged,  is.  6d 

23.  THE  PRACTICAL  BRICK  AND  TILE  BOOK.  Comprising: 
189.  Brick  and  Tile  Making,  by  E.  Dobson,  A. I. C.E. ; Practical  Bricklay- 
252.  me,  by  A.  Hammond  ; Brickwork,  by  F.  Walker.  550  pp.  with  270  Illus- 
trations. os.  Strongly  half-bound. 

253.  THE  TIMBER  MERCHANT’S,  SAW-MILLER’S,  AND 

IMPORTER’S  FREIGHT-BOOK  AND  ASSISTANT.  By  Wm.  Rich- 
ardson. With  a Chapter  on  Speeds  of  Saw-Mill  Machinery,  &c.  By 
M.  Powis  Bale,  A.M.Inst.C.E.  3s.t 

258.  CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
By  George  Collings,  Author  of  “ A Treatise  on  Handrailing.”  2s.  6d. 

259.  GAS  FITTING:  A Practical  Handbook  treating  of  every 

Description  of  Gas  Laying  and  Fitting.  By  John  Black.  With  122  Illus- 
trations. 2s.  6d.t 

261.  SHORING  AND  ITS  APPLICATION:  A Handbook  for  the 

Use  of  Students.  By  George  H.  Blagrove.  is.  6d.  [Just  published 

265.  THE  ART  OF  PRACTICAL  BRICK  CUTTING  AND 

SETTING.  By  Adam  Hammond,  Author  of  ‘‘Practical  Bricklaying.” 

[Just  Published. 


With  90  Engravings,  is.  6d. 


SHIPBUILDING,  NAVIGATION,  MARINE 
ENGINEERING,  ETC. 

51.  NAVAL  ARCHITECTURE.  An  Exposition  of  the  Elementary 

Principles  of  the  Science,  and  their  Practical  Application  to  Naval  Construc- 
tion. By  J.  Peake.  Fifth  Edition,  with  Plates  and  Diagrams.  3s.  6d4 

53*.  SHIPS  FOR  OCEAN  & RIVER  SER  VICE,  Elementary  and 

Practical  Principles  of  the  Construction  of.  By  H.  A.  Sommerfeldt.  is.  6d. 
53**.  AN  ATLAS  OF  ENG R A VINGS  to  Illustrate  the  above.  Twelve 

large  folding  plates.  Royal  4to,  cloth.  7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Also  Tables  of  Spars,  Rigging,  Blocks ; Chain,  Wire,  and  Hemp  Ropes, 
&c.,  relative  to  every  class  of  vessels.  By  Robert  Kipping,  N.A.  2s. 

54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details. 

By  John  Grantham,  C.E.  5th  Edition.  4s. 
ear  The  i indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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Shipbuilding,  Navigation,  Marine  Engineering,  etc.,  cont. 
rr  THE  SAILOR'S  SEA  BOOK:  a Rudimentary  Treatise  on 

Navigation.  By  James  Greenwood,  B.A.  With  numerous  Woodcuts  and 
Coloured  Plates.  New  and  enlarged  edition.  By  W.  H.  Rosser.  2s.  6d.t 

MARINE  ENGINES  AND  STEAM  VESSELS.  By  Robert 

Murray,  C.E.  Eighth  Edition,  thoroughly  Revised,  with  Additions  by  the 
Author  and  by  George  Carlisle,  C.E.,  Senior  Surveyor  to  the  Board  of 
Trade,  Liverpool.  4s.  6d.  limp  ; 5s*  cloth  boards. 

THE  FORMS  OF  SHIPS  AND  BOATS.  By  W.  Bland. 

Seventh  Edition,  Revised,  with  numerous  Illustrations  and  Models,  is.  6d. 

NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 
and  Practice.  By  Prof.  J.  R.  Young.  New  Edition.  2s.  6d. 

SHIPS’  ANCHORS,  a Treatise  on.  By  G.  Cotsell,  N.A.  is.  6d. 
SAILS  AND  SAIL-MAKING.  With  Draughting,  and  the  Centre 
of  Effort  of  the  Sails ; Weights  and  Sizes  of  Ropes  ; Masting,  Rigging, 
and  Sails  of  Steam  Vessels,  &c.  12th  Edition.  By  R.  Kipping  N.A,.  as  Od.t 

ENGINEER'S  GUIDE  TO  THE  ROYAL  &•  MERCANTILE 

NAVIES.  By  a Practical  Engineer.  Revised  by  D.  F.  M'Carthy.  3s. 

PRACTICAL  NAVIGATION.  Consisting  of  The  Sailor’s 
Sea-Book.  By  James  Greenwood  and  W.  H.  Rosser.  Together  with 
the  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
Problems.  By  H.  Law,  C.E.,  and  Prof.  J.  R.  Young.  7s.  Half-bound. 


80. 


B3  bis. 

99. 

106. 

149. 


I5S- 

55 

& 

204. 


AGRICULTURE,  GARDENING,  ETC. 

61  *.A  COMPLETE  READY  RECKONER  FOR  THE  ADMEA- 
SUREMENT OF  LAND,  &c.  By  A.  Arman.  Third  Edition,  revised 
and  extended  by  C.  Norris,  Surveyor,  Valuer,  &c.  2s. 

131.  MILLER’S,  CORN  MERCHANT’S,  AND  FARMER'S 

READY  RECKONER.  Second  Edition,  with  a Price  List  of  Modern 
Flour-Mill  Machinery,  by  W.  S.  Hutton,  C.E.  2s. 

140.  SOILS,  MANURES,  AND  CROPS.  (Vol.  1.  Outlines  of 

Modern  Farming.)  By  R.  Scott  Burn.  Woodcuts,  as. 

141.  FARMING  & FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  2.  Outlines  of  Modern  Farming.)  ByR.  Scott  Burn.  3s. 

142.  STOCK ; CATTLE,  SHEEP,  AND  HORSES.  (Vol.  3. 

Outlines  of  Modern  Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s.  6d. 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.  By 

R.  Scott  Burn.  (Vol.  4.  Outlines  of  Modern  Farming.)  2s. 

146.  UTILIZATION  OF  SEWAGE,  IRRIGATION,  AND 

RECLAMATION  OF  WASTE  LAND.  (Vol.  5.  Outlines  of  Modern 
Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s.  6d. 

*#*  Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  “ Outlines  of 
Modern  Farming.”  By  Robert  Scott  Burn.  Price  12 s. 

177,  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 

the  French  of  Du  Breuil.  Revised  by  Geo.  Glenny.  187  Woodcuts.  3s.  6d.J 

198.  SHEEP;  THE  HISTOR  Y,  STRUCTURE,  ECONOMY,  AND 
DISEASES  OF.  By  W.  C.  Spooner,  M.R.V.C.,  &c.  Fifth  Edition, 
enlarged,  including  Specimens  ot  New  and  Improved  Breeds.  3s.  6d.t 

201.  KITCHEN  GARDENING  MADE  EASY.  By  George  M.  F. 

Glenny.  Illustrated,  is.  6d.t 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organi- 

zation of  Farm  Labour.  By  R.  Scott  Burn.  2s.  6d.t 

208.  OUTLINES  OF  LANDED  ESTATES  MANAGEMENT. 

By  R.  Scott  Burn.  2s.  6d.t 

%*  Nos.  207  208  in  One  Vol.,  handsomely  half -bound,  entitled  “ Outlines  of 

Landed  Estates  and  Farm  Management.”  By  R.  Scott  Burn.  Price  6s. 

6SV  The  t indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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234- 
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Agriculture,  Gardening,  etc.,  continued. 

209.  THE  TREE  PLANTER  AND  PLANT  PROPAGATOR. 

A Practical  Manual  on  the  Propagation  of  Forest  Trees  Fruit  Tree*" 
Flowering  Shrubs,  Flowering  Plants,  &c.  By  Samuel  Wood;  ™ t ’ 

T//E  EREE  RR UNER.  A Practical  Manual  on  the  Pruning  of 

ofrShrnhterrnCLUdlng  a]s2,,tbelr  Tra!ning  and  Renovation  ; also  the  Pruning 
of  Shrubs,  Climbers,  and  Flowering  Plants.  By  Samuel  Wood.  2s. t g 

*V.09  ^ I,10  tn  One  Vo/;  handsomely  half -bound,  entitled  “The  Tree 
Planter,  Propagator,  and  Pruner.”  By  Samuel  Wood.  Price  y 

THE  HA  Y AND  STRA  IV  MEASURER : Being  New  Tables 

tor  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers  &c 

By  John  Steele.  Fourth  Edition.  2S.  lers’  &c. 

SUBURBAN  FARMING.  The  Laying-out  and  Cultivation  of 
harms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese  Eire-s  Poultry 

and  Pigs.  By  Prof.  John  Donaldson  and  R.  Scott  Burn.  ’ od  t Y> 

THE  ART  OF  GRAFTING  AND  BUDDING.  Bv  Charles 

Baltet.  With  Illustrations.  2s.  6d.t  uy  CHARLES 

COTTAGE  GARDENING;  or,  Flowers,  Fruits,  and  Vegetables 

for  Small  Gardens.  By  E.  Hobday,  is.  6d.  ° 

GARDEN  RECEIPTS.  Edited  by  Charles  W.  Quin  is  6d 

MARKET  AND  KITCHEN  GARDENING.  By  C.  W.  Shaw’ 

date  Editor  of  “ Gardening  Illustrated.”  3s. t \Just published.  ' 

DRAINING  AND  EMBANKING.  A Practical  Treatise,  em- 

bodying the  most  recent  experience  in  the  Application  of  Improved  Methods 

S/Ta  SFOV’  Iafc^?°fess£'  of  ARricalture  and  Rural  Economy  at  the 
Royal  Agricultural  College,  Cirencester.  With  68  Illustrations,  is.  6d 

24°.  IRRIGATION  AND  WATER  SUPPLY.  A Treatise  on  Water 

Meadows  Sewage  Irrigation,  and  Warping;  the  Construction  of  Wells, 

1 onds,  and  Reservoirs,  &c.  By  Prof.  John  Scott.  With  34  Ulus,  is  6d 

FARM  ROADS,  FENCES,  AND  GATES.  A Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm;  the 
Principles  of  Enclosures ; and  the  different  kinds  of  Fences,  Gates,  and 
Stiles.  By  Professor  John  Scott.  With  75  Illustrations,  is.  6d. 

FARM  BUILDINGS.  A Practical  Treatise  on  the  Buildings 

necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Construction, 
with  Plans  and  Estimates.  By  Prof.  John  Scott.  With  105  Illus  2s 

BARN  IMPLEMENTS  AND  MACHINES.  A Practical 

Treatise  on  the  Application  of  Power  to  the  Operations  of  Agriculture  - and 
on  various  Machines  used  in  the  Threshing-barn,  in  the  Stock-yard  and  i’n  the 
Dairy,  &c.  By  Prof.  J.  Scott.  With  123  Illustrations.  2s.  ’ 

FIELD  IMPLEMENTS  AND  MACHINES.  A Practical 

Treatise  on  the  Varieties  now  in  use,  with  Principles  and  Details  of  Con- 
struction, their  Points  of  Excellence,  and  Management.  By  Professor  Tohn 
Scott.  With  138  Illustrations.  2s. 

AGRICULTURAL  SURVEYING.  A Practical  Treatise  on 

Land  Surveying,  Levelling,  and  Setting-out;  and  on  Measuring  and  Esti- 
mating Quantities,  Weights,  and  Values  of  Materials,  Produce,  Stock  &c 
By  Prof.  John  Scott.  With  62  Illustrations,  is.  6d. 

*,*  Nos.  239  to  245  in  One  Vol.,  handsomely  half-bound,  entitled  “The  Complete 
Iext-Book  of  P arm  Engineering.”  By  Professor  John  Scott.  Price  12s. 

250.  MEA  T PRODUCTION.  A Manual  for  Producers,  Distributors 

&c.  By  John  Ewart.  2s.  6d.t 

266.  BOOK-KEEPING  FOR  FARMERS  & ESTATE  OWNERS. 

By  J.  M.  Woodman,  Chartered  Accountant.  2s.  6d.  cloth  limp  - 3s  6d 
cloth  boards.  [just  published. 


241. 


242 


243 


244. 


245 
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MATHEMATICS,  ARITHMETIC,  ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a Treatise  on;  Their 

Construction,  Adjustment,  Testing,  and  Use  concisely  Explained.  By  J.  F. 
Heather,  M.A.  Fourteenth  Edition,  revised,  with  additions,  by  A.  T. 
Walmisley,  M.I.C.E.,  Fellow  of  the  Surveyors’  Institution.  Original  Edi- 
tion, in  i vol.,  Illustrated.  2s.t  [Just published. 

*%#  In  ordering  the  above,  be  careful  to  say,  “ Original  Edition  ” {No.  32),  to  distin- 
guish it  from  the  Enlarged  Edition  in  3 vols.  [Nos.  168-9-70.) 

76.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 

with  a Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  Monge.  To  which  is  added,  a description  of  the  Principles  and  Practice 
of  Isometrical  Projection.  By  J.  F.  Heather,  M.A.  With  14  Plates.  2s. 

178.  PRACTICAL  PLANE  GEOMETRY : giving  the  Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Heather,  M.A.  With  215  Woodcuts.  2s. 

83.  COMMERCIAL  BOOK-KEEPING.  With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.  By  James  Haddon, 
M.A.,  Arithmetical  Master  of  King’s  College  School,  London,  is.  6d. 

84.  ARITHMETIC,  a Rudimentary  Treatise  on  : with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice.  By 
Professor  J.  R.  Young.  Eleventh  Edition,  is.  6d. 

84*.  A Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  Learners.  By  J.  R.  Young,  is.  6d. 

85.  EQUATIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 

Annuities,  Life  Assurance,  and  General  Commerce  ; with  various  Tables  by 
which  all  Calculations  may  be  greatly  facilitated.  By  W.  Hipsley.  2s. 

8G.  ALGEBRA,  the  Elements  of.  By  James  Haddon,  M.A. 

With  Appendix,  containing  miscellaneous  Investigations,  and  a Collection 
of  Problems  in  various  parts  of  Algebra.  2s. 

86*.  A Key  and  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.  By  J.  R.  Young,  is.  6d. 

88.  EUCLID,  The  Elements  of  : with  many  additional  Propositions 

89.  and  Explanatory  Notes:  to  which  is  prefixed,  an  Introductory  Essay  on 
Logic.  By  Henry  Law,  C.E.  2s.  6d.t 

***  Sold  also  separately,  viz.  : — 

88.  Euclid,  The  First  Three  Books.  By  Henry  Law,  C.E.  is.  6d. 

89.  Euclid,  Books  4,  5,  6,  11,  12.  By  Henry  Law,  C.E.  is.  6d. 

90.  ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS, 

By  James  Hann.  A New  Edition,  by  Professor  J.  R.  Young.  2s.t 

91*  PLANE  TRIGONOMETRY,  the  Elements  of.  By  James 

Hann,  formerly  Mathematical  Master  of  King’s  College,  London,  is.  6d. 

92‘  SPHERICAL  TRIGONOMETR  Y,  the  Elements  of.  By  James 

Hann.  Revised  by  Charles  H.  Dowling,  C.E.  is. 

*•*  Or  with  “ The  Elements  of  Plane  Trigonometry,"  in  One  Volume,  2S.  6d. 

93-  MENSURATION  AND  MEASURING.  With  the  Mensuration 

and  Levelling  of  Land  for  the  Purposes  of  Modern  Engineering.  By  T. 
Baker,  C.E.  New  Edition  by  E.  Nugent,  C.E.  Illustrated,  is.  6d 

101.  DIFFERENTIAL  CALCULUS,  Elements  of  the.  By  W.  S.  B. 

Woolhouse,  F.R.A.S.,  &c.  is.  6d. 

102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.  By 

Homkrsham  Cox,  B.A.  Illustrated,  is. 

136.  ARITHMETIC,  Rudimentary,  fir  the  Use  of  Schools  and  Self- 

Instruction.  P.y  James  Haddon,  M.A.  Revised  by  A.  Arman,  is.  6d. 

137-  A Key  to  Haddon’s  Rudimentary  Arithmetic.  By  A.  Arman,  is.  6d. 

fefcU  I he  t indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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Mathematics,  Arithmetic,  etc.,  continued. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.  Includ- 

• instruments  employed  in  Geometrical  and  Mechanical  Drawing 

I ^ In^trumra^s  Susp?ltl  f ^°Pym?’  and  Measurement  of  Maps  and  Plans’. 
ArithnV/n^?  r used  f-°r  the  purposes  of  Accurate  Measurement,  and  for 
i6q  OPT/rJ?  WVrprrTJb  M.A.  Illustrated,  is.  6d, 

09.  UEI ICAL  INS  I RUMEN  I S.  Including  (more  especially)  Tele- 

K;t  Crrop“.  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
r7r,  By  J F.  Heather,  M.A.  Illustrated,  is.  6d. 

170.  SUR  VEYING  AND  ASTRONOMICAL  INSTRUMENTS 

ofanor?inT^r"StrU?enTT  ¥Sed  for  -Determining  the  Geometrical  Features 

tionr  Hv  T f V rwnf ' IL  AUmT?,ts  Employed  in  Astronomical  Observa- 

* * re  a F>  HeAthkr,  M.A.  Illustrated,  is.  6d. 

* “A e/aatt7J£rnf  ?0iUmeS  f7™  a»en{arr*etne.nt  °fthe  Author’s  original  work 
nstruments.”  ( See  No.  32  in  the  Series.) 

IZ'\  Ya  If MAIEAL ,INSTRUMENTS-  By  J-  F-  Heather, 
S u A'  . nlar&ed  Edition,  for  the  most  part  entirely  re-written.  The  3 Parts  as 

t rS  rrTP  '"D^thick  Volume.  With  numerous  Illustrations.  4s.  6d?  3 

1^8.  THE  SLIDE  RULE,  AND  HOW  70  USE  IT;  containing 

tun,  easy  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charles  Hoare,  C.E.  Fifth 
Edition.  With  a Slide  Rule  in  tuck  of  cover.  2s.  Cd  X 

TEE0RV  r°F  COMPOUND  INTEREST  AND  ANNUL 

1IES;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
¥r7-e^e¥r’¥¥iCT?unt:’  -Annuities,  &c.  By  F^dor  Thoman.  4s4 
£fE  COMPENDIOUS  CALCULATOR  ; or,  Easy  and  Concise 

Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
tommeraal  and  Business  Transactions  ; together  with  Useful  Tables.  By 
u.  O Gorman.  Twenty-seventh  Edition,  carefully  revised  by  C.  Norris. 
*s:  llmp  ’ 3s*  6d.,  strongly  half-bound  in  leather. 

204.  MA  THEMA  TICAL  7ABLES,  for  Trigonometrical,  Astronomical, 

and  Nautical  Calculations;  to  which  is  prefixed  a Treatise  on  Logarithms. 

j Law>  C.E.  Together  with  a Series  of  Tables  for  Navigation 

and  Nautmal  Astronomy.  By  Prof.  J.  R.  Young.  New  Edition.  4s. 

LOG  ARIL HMS.  AVith  Mathematical  Tables  for  Trigonometrical, 
Astronomical,  and  Nautical  Calculations.  By  Henry  Law,  M. Inst. C.E.  New 
and  Revised  Edition.  ( Forming  part  of  the  above  Work).  3s. 

221.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 

TIONS,  and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
„9lJ^dars-  By  W-  S-  B-  Woolhouse,  F.R.A.S.,  F.S.S.  Sixth  Edition.  2s.J 

MATHEMATICS  AS  APPLIED  TO  THE  CONSTRUC- 
TIVE ARTS.  Illustrating  the  various  processes  of  Mathematical  Investi- 
gation, by  means  of  Arithmetical  and  Simple  Algebraical  Equations  and 
Practical  Examples#  I3v  Francis  Campin,  C.E.  Second  Edition.  3s. X 


196. 


199. 


204 


227. 


PHYSICAL  SCIENCE,  NATURAL  PHILO- 
SOPHY, ETC. 

1.  CHEMIS7RY.  By  Professor  George  Fownes,  F.R.S.  AVith 

an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,  is. 

2*  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of.  By 

C.  Tomlinson.  Woodcuts,  is.  6d. 

6.  MECHANICS,  Rudimentary  Treatise  on.  By  Charles  Tom- 

linson. Illustrated,  is.  6d. 

7*  ELECTRICITY ; showing  the  General  Principles  of  Electrical 
Science,  and  the  purposes  to  which  it  has  been  applied.  By  Sir  AV.  Snow 
Harris,  F.R.S. , &c.  With  Additions  by  R.  Sabine,  C.E. , F.S. A.  is.  6d. 
7*.  GALVANISM.  By  Sir  AV.  Snow  Harris.  New  Edition  by 
Robert  Sabine,  C.E.,  F.S.A.  is.  6d. 

8.  MAGNETISM ; being  a concise  Exposition  of  the  General  Prin- 

ciples of  Magnetical  Science.  By  Sir  W.  Snow  Harris.  New  Edition, 

revised  by  H.  M.  Noad,  Ph.D.  With  165  Woodcuts.  3s.  6d.t 
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Physical  Science,  Natural  Philosophy,  etc.,  continued. 

11.  THE  ELECTRIC  TELEGRAPH ; its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.  ByR.  Sabine,  C.E.,  F.S.A.  3s. 

12.  PNEUMATICS , including  Acoustics  and  the  Phenomena  of  Wind 

Currents,  for  the  Use  of  Beginners.  By  Charles  Tomlinson,  F.R.S. 
Fourth  Edition,  enlarged.  Illustrated,  is.  6d.  [lust  published. 

72.  MANUAL  OF  THE  MOLLUSCA  ; a Treatise  on  Recent  and 
Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S.  Fourth  Edition.  With 
Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  numerous  Plates  and  300 
Woodcuts.  6s.  6d.  Cloth  boards,  7s.  6d. 

96.  ASTRONOMY.  By  the  late  Rev.  Robert  Main,  M.A.  Third 

Edition,  by  William  Tiiynne  Lynn,  B.A.,  F.R.A.S.  2s. 

97.  STATICS  AND  DYNAMICS , the  Principles  and  Practice  of; 

embracing  also  a clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.  By  T.  Baker,  C.E.  Fourth  Edition,  is.  6d. 

138.  TELEGRAPH,  Handbook  of  the ; a Guide  to  Candidates  for 

Employment  in  the  Telegraph  Service.  By  R.  Bond.  3s. X 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  PoRT- 

lock’s  “Rudiments  of  Geology.”  By  Ralph  Tate,  A.L.S.  ,&c.  Woodcuts.  2s. 

174.  HISTORICAL  GEOLOGY,  partly  based  on  Major-General 

Portlock’s  “Rudiments.”  By  Ralph  Tate,  A.L.S.,  &c.  Woodcuts.  2s.  6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

& Historical.  Partly  based  on  Maior-General  Portlock’s  “ Rudiments  of 
174.  Geology.”  By  Ralph  Tate,  A.L.S.,  F.G.S.,  &c.  In  One  Volume.  4s.  6d4 
183  ANIMAL  PHYSICS,  Handbook  of.  By  Dr.  Lardner,  D.C.L., 

Sc  formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
184.  College,  Lond.  With  520  Illustrations.  In  One  Vol.  7s.  6d.,  cloth  boards. 
■’  ***  Sold  also  in  Two  Parts , as  follows  : — 

183.  Animal  Physics.  By  Dr.  Lardner.  Part  I.,  Chapters  I. — VII.  4s. 

184.  Animal  Physics.  By  Dr.  Lardner.  Part  II.,  Chapters  VIII. — XVIII.  3s. 


FINE  ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS.  Adapted  to  Young 

Students  and  Amateurs  in  Architecture,  Painting,  &c.  By  George  Pyne.  2s. 

40  GLASS  STAINING,  AND  THE  ART  OF  PAINTING  ON 
GLASS.  From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  From- 
berg.  With  an  Appendix  on  The  Art  of  Enamelling.  2s.  6d. 

69.  MUSIC,  A Rudimentary  and  Practical  Treatise  on.  With 

numerous  Examples.  By  Charles  Child  Spencer.  2s.  6d. 

71*  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 

cises & Lessons  from  the  Best  Masters.  By  Charles  Child  Spencer.  is.6d. 

69-71.  MUSIC  <y  THE  PIANOFORTE.  In  one  vol.  Half  bound,  5s. 
181.  PAINTING  POPULARLY  EXPLAINED , including  Fresco, 

Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass.  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gullick,  assisted  by 
John  Timbs,  F.S.A.  Fifth  Edition,  revised  and  enlarged.  3s. $ 

186.  A GRAMMAR  OF  COLOURING,  applied  tc  Decorative 

Painting  and  the  Arts.  By  George  Field.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Ellis  A. 
Davidson.  With  two  new  Coloured  Diagrams,  &c.  3s. t 

246.  A DICTIONARY  OF  PAINTERS,  AND  HANDBOOK  FOR 

PICTURE  AMATEURS  ; including  Methods  of  Painting,  Cleaning,  Re- 
lming  and  Restoring,  Schools  of  Painting,  &c.  With  Notes  on  the  Copyists 
and  Imitators  of  each  Master.  By  Philippe  Daryl.  2s.  6d.J 

The  t indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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162. 

205. 

215. 

225- 
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INDUSTRIAL  AND  USEFUL  ARTS. 

BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 

M.R.I.B.A.  Illustrated, 3S4 

CLODS'  WATCHES,  AND  BELLS , a Rudimentary  Treatise 

on.  By  Sir  Edmund  Beckett,  LL.D.,  Q.C.  Seventh  Edition,  revised  and  en- 
larged. 4s.  6d.  limp  ; 5s.  6d.  cloth  boards.  cviseu  ana  en 

CONSTRUCTION  OF  DOOR  LOCKS.  Compiled  from  the 

1 apers  and  Edited  by  Charles  Tomlinson.  F.R.S.  2s.  6d. 

MAN!JAL  '>  Instructions  for 
Modelling,  Pattern-Making,  Moulding,  Turning,  Filing,  Burnishing- 
Bronzing,  &c.  With  copious  Receipts,  &c.  Bv  Walter  Graham  rmsmng, 

THE  ART  OF  LETTER  PAINTING  MADE  e!sY%  By 

THF ' Vrn  Tn'?  I Engravings  of  Examples,  is.  6d- 

GOLDSMITH  S HANDBOOK,  containing  full  Instruc- 

Ihons  for  the  Alloying  and  Working  of  Gold.  By  George  E Gff  k t 

THE  SILVERSMITH'S  HANDBOOK,  containing 

'ri  structions  for  the  Alloying  and  Working  of  Silver.  By  George  E.  Gee.  is.t 
The  two  preceding  Works,  in  One  handsome  Vol.,  half-bound,  entitled  “The 
GOLDSMtTH  S & SmVERSMITH’s  COMPLETE  HANDBOOK, 7 J. 

249’  1 ?n  a f ^ KIrNG  ° F JEWELLERY  PRACTICALLY 

CONSIDERED.  By  George  E.  Gee.  3s.f 

C®A CH.  BUILDING,  A Practical  Treatise,  Historical  and 

Descriptive.  By  J.  W.  Burgess.  2s.  6d.t 

PRACTICAL  ORGAN  BUILDING.  Bv  W.  E.  Dickson 

M.A.,  Precentor  of  Ely  Cathedral.  Illustrated.  2s.  6d  t 

THE  ART  OF  BOOT  AND  SHOEMAKING,  including 

Measurement,  Last-fitting,  Cutting-out,  Closing  and  Making.  By  Iohn 
Bedford  Leno.  Numerous  Illustrations.  Third  Edition  2s  * J 
MECHANICAL  DENTISTRY:  A Practical  Treatise  on  the 

Construction  of  the  Various  Kinds  of  Artificial  Dentures,  with  Formulae 
fables,  Receipts,  &c.  By  Charles  Hunter.  Third  Edition.  3s. t 

MISCELLANEOUS  VOLUMES. 

A DICTIONARY  OF  TERMS  used  in  ARCHITECTURE 
BUILDING,  ENGINEERING,  MINING,  METALLURGY  ARCH  YE- 
OLOGY,  the  FINE  ARTS,  &-c.  By  John  Weale.  Fifth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.  Illustrated.  5s.  limp  ; 6s.  cloth  boards. 

THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER- 
VICES. By  David  Gibbons.  Third  Edition,  enlarged.  3s.f 
MANUAL  OF  DOMESTIC  MEDICINE.  By  R.  Gooding, 
B.A.,  M.D.  A Family  Guide  in  all  Cases  of  Accident^and  Emergency.  2s.i 
MANAGEMEN'T  OF  HEALTH.  A Manual  ot  Home  and 

Personal  Hygiene.  By  the  Rev.  James  Baird,  B. A.  is. 

LOGIC,  Pure  and  Applied.  By  S.  H.  Emmens.  is.  6d. 
SELECTIONS  FROM  LOCKE'S  ESSAYS  ON  THE 
HUMAN  UNDERSTANDING.  With  Notes  by  S.  H.  Emmens  2s 
GENERAL  HINTS  TO  EMIGRANTS.  2s. 

THE  EMIGRANTS  GUIDE  TO  NATAL.  By  Robert 

James  Mann,  F.R.A.S.,  F.M.S.  Second  Edition.  Map.  2s. 

HANDBOOK  OF  FIELD  FORTIFICATION.  By  Major 

W . W.  Knollys,  F.R.G.S.  With  163  Wkiodcuts.  3s. t 

THE  HOUSE  MANAGER  : Being  a Guide  to  Housekeeping. 

Practical  Cookery,  Pickling  and  Preserving,  Household  Work,  Dairy 
Management,  &c.  By  An  Old  Housekeeper.  3s.  6d.i 

HOUSE  BOOK  (The).  Comprising: — I.  The  House  Manager. 
By  an  Old  Housekeeper.  II.  Domestic  Medicine.  By  R.  Gooding,  M.D. 
III.  Management  of  Health.  By  J.  Baird.  In  One  Vol.,  half-bound,  6s. 
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EDUCATIONAL  AND  CLASSICAL  SERIES. 


HISTORY. 

1.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  the  English  Constitution.  P.y 
William  Douglas  Hamilton,  F.S.A.,  of  Her  Majesty’s  Public  Record 
Office.  4th  Edition,  revised.  5s.  ; cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of ; in  connection  with  the 
Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Douglas  Hamilton, 
ot  University  College,  London,  and  Edward  Levien,  M.A.,  of  Balliol 
College,  Oxford.  2s.  6d. ; cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Levien,  of  Balliol  College,  Oxford.  Map,  2s.  6d.;  cl.  bds.  3s.  6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Present  Time.  The  Continuation  by 
W.  D.  Hamilton,  F.S.A.  3s. ; cloth  boards,  3s.  6d. 

50.  Dates  and  Events  in  English  History,  for  the  use  of 
Candidates  in  Public  and  Private  Examinations.  By  the  Rev.  E.  Rand.  is. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Hyde 
Clarke,  D.C.L.  Fourth  Edition,  is.  6d. 

II*.  Philology  : Handbook  of  the  Comparative  Philology  of  English, 

Anglo-Saxon,  Frisian,  Flemish  or  Dutch,  Low  or  Platt  Dutch,  High  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.  By  Hyde  Clarke,  D.C.L.  is. 

12.  Dictionary  of  the  English  Language,  as  Spoken  and 

Written.  Containing  above  100,000  W’ords.  By  Hyde  Clarke,  D.C.L. 
3s.  6d. ; cloth  boards,  4s.  6d.  ; complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition  and  Punctuation,  familiarly  Explained  for 

those  who  have  neglected  the  Study  of  Grammar.  By  Justin  Brenan. 
18th  Edition,  is.  6d. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  Rowbotham,  F.R.A.S.  Improved  Edition,  is.  6d. 

Si*  The  Art  of  Extempore  Speaking  : Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  P-3f  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  TranslatedfromtheFrench.  8th  Edition,  carefully  corrected.  2s. 6d. 

53*  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.  By  the  Rev.  Edgar  Rand,  B.A.  is. 

54-  Analytical  Chemistry,  Qualitative  and  Quantitative,  a Course 
of.  To  which  is  prefixed,  a Brief  Treatise  upon  Modern  Chemical  Nomencla- 
ture and  Notation.  By  Wm.  W.  Pink  and  George  E.  AVebster.  2s. 


THE  SCHOOL  MANAGERS’  SERIES  OF  READING 

BOOKS, 

iEdited  by  the  Rev.  A.  R.  Grant,  Rector  of  Hitcham,  and  Honorary  Canon  of  Ely  ; 
formerly  H.M.  Inspector  of  Schools. 

Introductory  Primer,  3^. 


First  Standard  . 
Second  ,, 

Third  „ 

Lessons  from  the  Bible 
Lessons  from  the  Bible 


r.  d. 
o 6 

0 10 

1 o 


d. 

2 

6 

6 


Fourth  Standard  . . . 1 

Fifth  „ . . . . i 

Sixth  „ . . . . 1 

Part  I.  Old  Testament,  is. 

- - ---  Bart  II.  New  Testament,  to  which  is  added 

Ihe  Geography  of  the  Bible,  for  very  young  Children.  By  Rev  C 
Thornton  Forster,  is.  2d.  **  Or  the  Two  Parts  in  One  Volume.’  2s* 
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FRENCH. 

Freneh  Grammar.  With  Complete  and  Concise  Rules  on  the 
Genders  of  French  Nouns.  By  G.  L.  Strauss,  Ph.D.  is  6d/ 
^en°h“Fnglish  Dictionary.  Comprising  a large  number  of 
New  Terms  used  in  Engineering,  Mining,  &c.  By  Alfred  Elwbs.  is  6d 

English-French  Dictionary.  By  Alfred  Elwes.  zs. 
25,26.  French  Dictionary  (as  above).  Complete,  in  One  Vol  "zs  • 
. - cloth  boards,  3s.  6d.  V Or  with  the  Grammar,  cloth  boards,  4s.  6d.’’  6 ’ ’ 
47*  rench  and  English  Phrase  Book  : containing  Intro- 
ductory  Lessons,  with  Translations,  several  Vocabularies  of  Words,  a Col- 
lection  of  suitable  Phrases,  and  Easy  Familiar  Dialogues  is  6d 


24. 

25* 

26. 


GERMAN. 

39.  German  Grammar.  Adapted  for  English  Students  from 

Heyse’s  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L Strauss  ’ is  6d 

40.  German  Reader : A Series  of  Extracts,  carefully  culled  from ’the 

most  approved  Authors  of  Germany ; with  Notes,  Philological  and  Ex- 
planatory.  By  G.  L.  Strauss,  Ph.D.  is. 

41-43.  German  Triglot  Dictionary.  By  N.  E.  S.  A.  Hamilton. 

In  Three  Parts.  Part  I.  German-French-English.  Part  II.  English-Ger’ 
man -French.  Part  III.  French-German-English.  3s.,  or  cloth  boards  4s 
41-43  German  Triglot  Dictionary  (as  above),  together  with  German 

& 39.  Grammar  (No.  39),  in  One  Volume,  cloth  boards,  5s. 


ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a Course 

of  Exercises.  By  Alfred  Elwes.  is.  6d. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  Bv  Alfred  Fiweq 
Vol.  1.  Italian-English-French.  2s.  6d.  Y ' 

30.  Italian  Triglot  Dictionary.  By  A.  Elwes.  Vol.  2. 

English-French-Italian.  2s.  6d. 

32.  Italian  Triglot  Dictionary.  By  Alfred  Elwes.  Vol.  3. 

French-Italian-English.  2s.  6d. 

28,30,  Italian  Triglot  Dictionary  (as  above).  In  One  Vol.,  7s.  6d. 

32.  Cloth  boards. 

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a Simple  and  Practical  Form.  With 

a Course  of  Exercises.  By  Alfred  Elwes.  is.  6d. 

35.  Spanish-English  and  English-Spanish  Dictionary. 

Including  a large  number  of  Technical  Terms  used  in  Mining,  Engineering,  &c. 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred  Elwes 
4s.  ; cloth  boards,  5s.  ***  Or  with  the  Grammar,  cloth  boards,  6s. 

55.  Portuguese  Grammar,  in  a Simple  and  Practical  Form. 

With  a Course  of  Exercises.  By  Alfred  Elwes.  is.  6d. 

56.  Portuguese-English  and  English-Portuguese  Dic- 

tionary. Including  a large  number  of  Technical  Terms  used  in  Mining, 
Engineering,  &c.,  with  the  proper  Accents  and  the  Gender  of  every  Noun. 
By  Alfred  Elwes.  Second  Edition,  Revised,  5s. ; cloth  boards,  6s.  %*  Or 
with  the  Grammar,  cloth  boards,  7s. 


HEBREW. 

46*.  Hebrew  Grammar.  By  Dr.  Bresslau.  is.  6d. 

44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical ; 
containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Rabbinical  Writings.  By  Dr.  Bresslau.  6s. 

46.  English  and  Hebrew  Dictionary.  By  Dr.  Bresslau.  3s. 
44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 
46*.  the  Grammar,  cloth  boards,  12s. 
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LATIN. 

19.  Latin  Grammar.  Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  By  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,  is.  6d. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin, 

M.A.  2S. 

22.  English-Latin  Dictionary;  together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.  By  the 
Rev.  Thomas  Goodwin,  M.A.  is.  6d. 

20,22.  Latin  Dictionary  (as  above).  Complete  in  One  Vol.,  3s.  6d. 

cloth  boards,  4s.  6d.  %*  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 

LATIN  CLASSICS.  With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.  Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young,  is.  6d; 

2.  Caesaris  Commentarii  de  Bello  Gallico.  Notes,  and  a Geographical 

Register  for  the  Use  of  Schools,  by  H.  Young.  2s. 

3.  Cornelius  Nepos.  With  Notes.  By  Ii.  Young,  is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  Rushton,  M.A.,  and  on  the  Georgies  by  H.  Young,  is.  6d. 

5.  Virgilii  Maronis  iEneis.  With  Notes,  Critical  and  Explanatory, 

by  H.  Young.  New  Edition,  revised  and  improved  With  copious  Addi- 
tional Notes  by  Rev.  T.  H.  L.  Leary,  D.C.L.,  formerly  Scholar  ot  Brasenosa 
College,  Oxford.  3s. 

5* Part  1.  Books  i. — vi.,  is.  6d. 

5**  Part  2.  Books  vii. — xii.,  2s. 

6.  Horace;  Odes,  Epode,  and  Carmen  Sseculare.  Notes  by  H. 

Young,  is.  6d.  . 

7.  Horace;  Satires,  Epistles,  and  ArsPoetica.  Notes  by  W.  Brown- 

rigg  Smith,  M.A.,  F.R.G.S.  is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurthinum.  Notes,  Critical 

and  Explanatory,  by  W.  M.  Donne,  B.A.,  Trin.  Coll.,  Cam.  is.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.  With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.  Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 

11.  Terentii  Eunuchus,  Comcedia.  Notes,  by  Rev.  J.  Davies,  M.A. 

is.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amermo.  Edited,  with  an 

Introduction,  Analj-sis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
James  Davies,  M.A.  is.  6d. 

13.  Ciceronis  Orationes  in  Catilinam,  Verrem,  et  pro  Arcliia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  Leary,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford, 
is.  6d. 

14.  Ciceronis  Cato  Major,  Lrclius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brownrigg  Smith, 
M.A.,  F.R.G.S.  2s. 

16.  Livy  : Elistory  of  Rome.  Notes  bv  H.  Young  and  W.  B.  Smith, 

M.A.  Part  1.  Books  i.,  ii.,  is.  6d. 

16*. Part  2.  Books  iii.,  iv..  v.,  is.  fid. 

17.  Part  3.  Books  xxi.,  xxii.,  is.  fid. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donne,  M.A.,  Trinity  College,  Cambridge.  2s. 

20.  Latin  Prose  Selections,  from  Varro,  Columella,  Vitruvius, 

Seneca,  Quintilian,  Floras,  Velleius  Paterculus,  Valerius  Maximus  Sueto- 
nius, Apuleius,  & c.  Notes  by  W.  B.  Donne,  M.A.  2s. 

21.  Juvenalis  Satirse.  With  Prolegomena  and  Notes  by  T.  H.  S. 

Escott,  B.A.,  Lecturer  on  Logic  at  King’s  College,  London.  2s. 
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GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo 

SSSJteSS"  ' en,inent  Scb°'™  °r  ~ 

15,17-  Greek  Lexicon.  Containing  all  the  Words  in  General  Use  with 

mMiLST^ 

the  Two  Vols.  in  boards^1'  **  En^-Grcek,  Or 

'K5.'  Oi^T^.i.yc^^ti'<bo^(js*|S(;s^liove)'  ComPkte-  with  the  Grammar,  in 


GREEK  CLASSICS. 


With  Explanatory  Notes  in  English. 


2,  3- 


-12. 


*3- 


Delectus.  Containing  Extracts  from  Classicai^Authors 
with  Gcnealog^a1  Vocabularies  and  Explanatory  Notes,  byH.  Young  New 
Ldition,with  an  improved  and  enlarged  Supplementarv  Vnralmln  1 ' T 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,  is  Cd  ^ by  J 

Xenophon’s  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand 

by  H-  Youno-  Part  B°°ks  !•  *>  in.; 

Lucian’s  Select  Dialogues.  The  Text  carefully  revised,  with 
Grammatical  and  Explanatory  Notes,  by  H.  Young,  is.  6d. 

^TAri*?  ' °r]cs  of-  According  to  the  Text  of  Baeumlein. 

1 h Notes,  Critical  and  Explanatory,  drawn  from  the  best  and  latest 

Le1ry"  m!a.7‘d  CP£ehminary  °bservations  and  Appendices,  by  T.  H.  L. 

The  Iliad  : ’ Part  1.  Books'  i.  to  vi.,  is.  6d  Part  3.  Books  xiii.  to  xviii.,  is.  6d. 

-r  ^ 1 art  2.  Books  vn.  to  xn.,  is.  6d.  Part  4.  Books  xix.  to  xxiv  is  6d 

The  Odyssey:  Part  1.  Books  i.to  vi,,  is.  6d  Part  3.  Books  xiii  to  xvih!,  is.  6d. 

Part  2.  Books  vn.  to  xn.,  is.  6d.  Part  4.  Books  xix.  to  xxiv.,  and 

Hymns,  2s. 

Plato’s  Dialogues : The  Apology  of  Socrates,  the  Crito,  and 
thePhaedo.  From  the  Text  of  C.  F.  Hermann.  Edited  with  Notes  Critical 
and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 

*4-*7'  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 
With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  by  T.  H.  L.  Leary,  M.A.,  D.C.L. 

Part  1.  Books  i.,  ii.  (The  Clio  and  Euterpe),  2s. 

Part  2.  Books  iii.,  iv.  (The  Thalia  and  Melpomene),  2s. 

Part  3.  Books  v.-vii.  (The  Terpsichore,  Erato,  and  Polymnia),  2s. 

Part  4.  Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index, ’is.  6d. 

18.  Sophocles:  CEdipus  Tyrannus.  Notes  by  H.  Young,  is. 

20.  Sophocles : Antigone.  From  the  Text  of  Dindorf.  Notes 

Critical  and  Explanatory,  by  the  Rev.  John  Milner,  B.A.  2s. 

23.  Euripides:  Ilecuba  and  Medea.  Chiefly  from  the  Text  of  Din- 
dorf.  AVith  Notes,  Critical  and  Explanatory,  by  W.  Brownrigg  Smith 
M.A.,  F.R.G.S.  is.  6d.  * 

26.  Euripides:  Alcestis.  Chiefly  from  the  Text  of  Dindorf.  With 

Notes,  Critical  and  Explanatory,  by  John  Milner,  B.A.  is.  6d. 
AEschylus  : Prometheus  Vinctus  : The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory 
by  the  Rev.  James  Davies,  M.A.  is. 

.^Eschylus  : Septem  Contra  Thebes  : The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  James  Davies,  M.A.  is. 

Aristophanes:  Acharnians.  Chiefly  from  the  Text  of  C.  H. 

Weisb.  With  Notes,  by  C.  S.  T.  Townshend,  M.A.  is.  6d. 
Thucydides:  History  of  the  Peloponnesian  War.  Notes  by  H. 
Young.  Book  1.  is.  6d. 

Xenophon’s  Panegyric  on  Agesilaus.  Notes  and  Intro- 

duction by  Ll.  F.  W.  Jewitt.  is.  6d. 

Demosthenes.  The  Oration  on  the  Crown  and  the  Philippics. 
With  English  Notes.  By  Rev.  T.  H.  L.  Leary,  D.C.L.,  formerly  Scholar  ol 
Brasenose  College,  Oxford,  is.  6d. 
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CATALOGUE  OF  BOOKS 

INCLUDING  MANY  NEW  AND  STANDARD  WORKS  IN 

ENGINEERING,  MECHANICS,  ARCHITECTURE, 

NATURAL  AND  APPLIED  SCIENCE, 

INDUSTRIAL  ARTS , TRADE  AND  COMMERCE,  AGRICULTURE, 
GARDENING,  LAND  MANAGEMENT,  LAW,  dc. 

PUBLISHED  BY 

CROSBY  LOCKWOOD  & SON. 


MECHANICS,  MECHANICAL  ENGINEERING,  etc. 

New  Manual  for  Practical  Engineers. 

THE  PRACTICAL  ENGINEER’S  HAND-BOOK.  Comprising 

a Treatise  on  Modern  Engines  and  Boilers|:  Marine,  Locomotive  and  Sta- 
tionary. And  containing  a large  collection  of  Rules  and  Practical  Data 
relating  to  recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boilers,  and  other  Engineering  work.  The  whole  constituting  a 
comprehensive  Key  to  the  Board  of  Trade  and  other  Examinations  for  Certi- 
ficates of  Competency  in  Modern  Mechanical  Engineering.  By  Walter  S 
Hutton,  Civil  and  Mechanical  Engineer,  Author  of  “The  Works’  Manager’s 
Handbook  for  Engineers,”  &c.  With  upwards  of  370  Illustrations.  Third 
Edition,  Revised,  with  Additions.  Medium  8vo,  nearly  500  pp  price  18s 
Strongly  bound.  IJust  published. 

13”  This  work  is  designed  as  a companion  to  the  Author’s  “Works’ 
Manager’s  Hand-book.”  It  possesses  many  new  and  original  features,  and  con- 
tains,  like  its  predecessor,  a quantity  of  matter  not  originally  intended  for  publica- 
tion, but  collected  by  the  author  for  his  own  use  in  the  construction  of  a great  varietv 
of  modern  engineering  work.  6 ^ 

The  information  is  given  in  a condensed  and  concise  form,  and  is  illustrated  bv 
upwards  of  370  Woodcuts;  and  comprises  a quantity  of  tabulated  matter  of  great 
value  to  all  engaged  m designing,  constructing,  or  estimating  for  Engines  Boilers 
and  other  Engineering  Work. 

***  Opinions  of  the  Press. 

n have  kopt  !t  at  1lan?.for  several  weeks,  referring  to  it  as  occasion  arose,  and  we  have  not 

n consulted  lts  P^cs  wlthout  the  information  of  which  we  were  in  qlest?” 

", u; ldn  f00rl  practical  handbook,  which  no  engineer  can  go  through  without  learning 
something1  that  will  be  of  service  to  him.  Marine  Engined'.  * ^ 

engi Miig'-s&swZ0'  referenCe  f°r  engineers>  aild  a vaIuab'e  text-book  for  students  ol 

T!11S,  valuable  manual  embodies  the  results  and  experience  of  the  leading  authorities  on 
mechanical  engineering.”— Building  News.  “ autnorities  on 

“ rile  author  has  collected  together  a surprising  quantity  of  rules  and  nractiral  Hat-,  i „„ 
shown  much  judgment  in  the  selections  he  has  made.  . . . There  is  no  doulTtlbi  iif'c^  d i as 
one  of  the  most  useful  of  its  kind  published,  and  will  be  a v^y 

A mass  of  information,  set  down  in  simple  language,  and  in  such  a form  tint  it  u 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  well  chosen  anTis CiAt :an,be  ea«'ly 
by  the  1 lustrations.  The  book  will  find  its  way  on  to  most  enrineers’  shefves  y e-  Vcidf  ed 

one  of  the  most  useful  books  of  reference.' ’-Practical  Engii^er  belies,  tv  here  it  will  rank  as 

-£«?/-^%-^U^.f°rmati0n’  3nd  Sh0UM  be  f0Und  0,1  thc  office’ shelf  of  all  practical  engineers.- 
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Handbook  for  Works’  Managers . 

THE  WORKS'  MANAGER’S  HANDBOOK  OF  MODERN 
RULES,  TABLES,  AND  DATA.  For  Engineers,  Millwrights,  and  Boiler 
Makers;  Tool  Makers,  Machinists,  and  Meta'i  Workers;  Iron  and  Brass 
Founders,  &c.  By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer,  Author 
of  “ The  Practical  Engineer’s  Handbook.”  Third  Edition,  carefully  Revised, 
with  Additions.  In  One  handsome  Vol.,  medium  8vo  price  15s.  strongly  bound. 
IS*1  The  Author  having  compiled  Rules  and  Data  for  his  own  use  in  a great 
variety  of  modern  engineering  work,  and  having  found  his  notes  extremely  useful, 
decided  to  publish  them — revised  to  date — believing  that  a practical  work,  suited  to 
the  daily  requirements  of  modern  engineers,  would  be  favourably  received. 

In  the  Third  Edition,  the  following  among  other  additions  have  been  made,  viz.: 
Rules  for  the  Proportions  of  Riveted  Joints  in  Soft  Steel  Plates,  the  Results  of  Experi- 
ments by  Professor  Kennedy  for  the  Institution  of  Mechanical  Engineers — Rules 
for  the  Proportions  of  Turbines— Rules  for  the  Strength  of  Hollow  Shafts  of  Whit- 
worth’s Compressed  Steel,  &c. 

***  Opinions  of  the  Press. 

“ The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
notes  for  application  in  workshop  practice,  rather  than  from  the  theoretical  or  literary  aspect.  The 
volume  contains  a great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experi- 
ence, and  is  seldom  written  in  books.” — Engineer. 

“The  volume  is  an  exceedingly  useful  one.  brimful  with  engineers’  notes,  memoranda,  and 
rules,  and  well  worthy  of  being  on  every  mechanical  engineer’s  bookshelf." — Mechanical  World. 

“A  formidable  mass  of  facts  and  figures,  readily  accessible  through  an  elaborate  index 
....  Such  a volume  will  be  found  absolutely  necessary  as  a book  of  reference  in  all  sorts 
of  ‘works  ’ connected  with  the  metal  trades.” — Hyland's  Iron  Trades  Circular. 

“ Brimful  of  useful  information,  stated  in  a concise  form,  Mr.  Hutton’s  books  have  met  a press- 
ing want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  man 
possessing  a copy.”— Practical  Engineer. 


((Tlie  Modernised  Templeton 

THE  PRACTICAL  MECHANIC'S  WORKSHOP  COM- 
PANION. Comprising  a great  variety  of  the  most  useful  Rules  and  Formulae 
in  Mechanical  Science,  with  numerous  Tables  of  Practical  Data  and  Calcu- 
lated Results  for  Facilitating  Mechanical  Operations.  By  William  Temple- 
ton, Author  of  “The  Engineer’s  Practical  Assistant,”  &c.  &c.  Fifteenth 
Edition,  Revised,  Modernised,  and  considerably  Enlarged  by  Walter  S. 
Hutton,  C.E.,  Author  of  “The  Works’  Manager’s  Handbook,”  “The 
Practical  Engineer’s  Handbook,”  &c.  Fcap.  8vo,  nearly  500  pp.,  with  Eight 
Plates  and  upwards  of  250  Illustrative  Diagrams,  6s.,  strongly  bound  for 
workshop  or  pocket  wear  and  tear. 

Templeton’s  “ Mechanic’s  Workshop  Companion”  has  been  for  more 
than  a quarter  of  a century  deservedly  popular,  and,  as  the  well-worn  and  thumb- 
marked  vade  mecum  of  several  generations  of  intelligent  and  aspiring  workmen, 
it  has  had  the  reputation  of  having  been  the  means  of  raising  many  of  them  in  their 
position  in  life. 

In  consequence  of  the  lapse  of  time  since  the  Author's  death,  and  the  great 
advances  in  Mechanical  Science,  the  Publishers  have  thought  it  advisable  to  have  it 
entirely  Reconstructed  and  Modernised;  and  in  its  present  greatly  Enlarged  and 
Improved  form,  they  are  sure  that  it  will  commend  itself  to  the  English  workmen  0] 
the  present  day  all  the  world  over,  and  become,  like  its  predecessors,  their  indispens- 
able friend  and  referee. 

A smaller  type  having  been  adopted,  and  the  page  increased  in  size,  while  the 
number  of  pages  has  advanced  from  about  330  to  nearly  500,  the  book  practically  con- 
tains double  the  amount  of  matter  that  was  comprised  in  the  original  work. 


V*  Opinions  of  the  Press. 

“ In  its  modernised  form  Hutton's  ‘ Templeton  ’ should  have  a wide  sale,  for  it  contains  much 
valuable  information  which  the  mechanic  will  often  find  of  use,  and  not  a few  tables  and  notes  which 
look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of  ‘ Templeton.’  "—English  Mechanic. 
n “ It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify ; and  there  are 
a (Treat  many  men  who,  in  a great  measure,  owe  their  rise  in  life  to  this  little  book.  — Building  News. 
a ,,  -phis  familiar  text-book— well  known  to  all  mechanics  and  engineers— is  of  essential  service  to 

the  everv-day  requirements  of  engineers,  millwrights,  and  the  various  trades  connected  with 
engineering  and  building.  The  new  modernised  edition  is  worth  its  weight  in  gold,  —building 

L. publishers*  wisely  entrusted  the  task  of  revision  of  this  popular,  valuable  and  useful  book 
to  Mr.  Hutton,  than  whom  a more  competent  man  they  could  not  have  found,  —iron. 
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Stone-working  Machinery. 

STONE-WORKING  MA.CHINERY,  and  the  Rapid  and  Economi- 
cal Conversion  of  Stone.  With  Hints  on  the  Arrangement  and  Management 
of  Stone  Works.  By  M.  Powis  Bale,  M.I.M.E.  Crown  8vo,  9s. 

"Should  be  in  the  hands  of  every  mason  or  student  of  stone-work.” — Colliery  Guardian. 

"It  is  in  every  sense  of  the  word  a standard  work  upon  a subject  which  the  author  is  fully 
tompetent  to  deal  exhaustively  with.” — Builder's  Weekly  Reporter. 

" A capital  handbook  for  all  who  manipulate  stone  for  building  or  ornamental  purposes.’’ — 
Machinery  Market. 


Pump  Construction  and  Management. 

PUMPS  AND  PUMPING  : A Handbook  for  Pump  Users.  Being 
Notes  on  Selection,  Construction  and  Management.  By  M.  Powis  Bale, 
M.I.M.E.,  Author  of  ,l  Woodworking  Machinery,’’  “ Saw  Mills,”  &c.  Crown 
8vo,  2 s.  6d.  cloth.  [Just  published. 

"The  matter  is  set  forth  as  concisely  as  possible.  In  fact,  condensation  rather  than  diffuseness 
has  been  the  author’s  aim  throughout;  yet  he  does  not  seem  to  have  omitted  anything  likely  to  be 
of  use." — fournal  of  Gas  Lighting. 

“ Thoroughly  practical  and  simply  and  clearly  written."—  Glasgow  Herald. 

Turning . 

LATHE-WORK  : A Practical  Treatise  on  the  Tools,  Appliances , 
and  Processes  employed  in  the  Art  of  Turning.  By  Paul  N.  Hasluck. 
Third  Edition,  Revised  and  Enlarged.  Crown  8vo,  5 s.  cloth. 

" Written  by  a man  who  knows,  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
to  do  it,  and  how  to  convey  his  knowledge  to  others.  To  all  turners  this  book  would  be  valuabie.  ’ 
—Engineering. 

“ We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  it  will  simply  be 
invaluable.  To  the  student  it  will  convey  a great  deal  of  useful  information.” — Engineer. 

"A  compact,  succinct,  and  handy  guide  to  lathe-work  did  not  exist  in  our  language  until  Mr. 
Hasluck,  by  the  publication  of  this  treatise,  gave  the  turner  a true  vade-mecum."— House  Decorator. 

Screw-Cutting . 

SCREW  THREADS  : And  Methods  of  Producing  Them.  With 
Numerous  Tables,  and  complete  directions  for  using  Screw-Cutting  Lathes. 
By  Paul  N.  Hasluck,  Author  of  “ Lathe-Work,”  &c.  With  Fifty  Illustra- 
tions. Second  Edition.  Waistcoat-pocket  size,  price  is.  cloth. 

“ Full  of  useful  infonnation,  hints  and  practical  criticism.  Taps,  dies  and  screwing-tools  gene- 
rally are  illustrated  and  their  action  described.”— Mechanical  World. 


Smith’s  Tables  for  Mechanics , etc. 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS 
FOR  MECHANICS,  ENGINEERS,  ARCHITECTS,  BUILDERS,  etc 
Selected  and  Arranged  by  Francis  Smith.  Fourth  Edition,  Revised  and  En- 
larged, 250  pp.,  waistcoat-pocket  size,  is.  6 d.  limp  leather. 

“ It  would,  perhaps,  be  as  difficult  to  make  a small  pocket-book  selection  of  notes  and  formula; 
to  suit  ALL  engineers  as  it  would  be  to  make  a universal  medicine ; but  Mr.  Smith’s  waistcoat- 
pocket  collection  may  be  looked  upon  as  a successful  attempt." — Engineer. 

“The  best  example  we  have  ever  seen  of  250  pages  of  useful  matter  packed  into  the  dimen- 
sions of  a card-case.” — Building  Nevis.  “A  veritable  pocket  treasury  of  knowledge.” Iron. 

Engineer’s  and  Machinist’s  Assistant. 

THE  ENGINEER'S,  MILLWRIGHT'S , and  MACHINIST'S 
PRACTICAL  ASSISTANT.  A collection  of  Useful  Tables,  Rules  and  Data 
By  William  Templeton.  7th  Edition,  with  Additions.  i8mo,  2s.  6 d cloth’ 
“ Occupies  a foremost  place  among  books  of  this  kind.  A more  suitable  present  to  an  ’aDDren’ 
tice  to  any  of  the  mechanical  trades  could  not  possibly  be  made.” — Building  News.  1 H 

Me 'haii  5ieservedly  popuIar  work,  it  should  be  in  the  ‘drawer’  of  every  mechanic.  "—English 

Iron  and  Steel. 

“ IRON  AND  STEEL  ” ; A Work  for  the  Forge,  Foundry,  Factory 
and  Office.  Containing  ready,  useful,  and  trustworthy  Information  for  Iron- 
masters  and  them  Stock-takers;  Managers  of  Bar,  Rail,  Plate,  and  Sheet 
Rolling  Mills ; Iron  and  Metal  Founders ; Iron  Ship  and  Bridge  Builders  • 
Mecnamcal,  Mining,  and  Consulting  Engineers  ; Architects, Builders  and 
Draughtsmen.  By  Charles  Hoare,  Author  of  “ The  Slide  Rule,”  &c  Eighth 
Edition,  Revised  and  considerably  Enlarged.  32mo,  6s.  leather  ' 6 

“One  of  the  best  of  the  pocket  books.”— English  Mechanic . 

ronand*f^^TOr^.”— *°  th°5e  engaged  in  “"Bering  the  details  of  all  kinds  o, 
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Engineering  Construction. 

PATTERN -MAKING  : A Practical  Treatise,  embracing  the  Main 
Types  of  Engineering  Construction,  and  including  Gearing,  both  Hand  and 
Machine  made,  Engine  Wcrk,  Sheaves  and  Pulleys.  Pipes  and  Columns, 
Screws.  Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in 
Loam  and  Greensand,  &c..  together  with  the  methods  of  Estimating  the 
weight  of  Castings;  tc  which  is  added  an  Appendix  of  Tables  for  Workshop 
Reference.  By  a Foreman  Pattern  Maker.  With  upwards  of  Three 
Hundred  and  Seventy  Illustrations.  Crown  8vc,  ys.  6d.  cloth. 

■ A well- written  technical  guide,  evidently  written  by  a man  who  understands  and  has  prac- 
tised what  he  has  written  about.  We  cordially  recommend  it  tc  engineering  students,  young 
journeymen,  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making." — Builder. 

“ Likely  to  prove  a welcome  guide  to  many  workmen,  especially  to  draughtsmen  who  have 
lacked  a training  in  the  shops,  pupils  pursuing  their  practical  studies  in  our  factories,  and  to  em- 
ployers and  managers  in  engineering  works.  — I lard-wart  Trade  Journal. 

“More  than  370  illustrations  help  to  explain  the  text,  which  is,  however,  always  clear  and  ex- 
plicit, thus  rendering  the  work  an  excellent  7 ade  me  cum  for  the  apprentice  whe  desires  to  become 
master  of  his  trade.”—  English  Mechanic 

Dictionary  of  Mechanical  Engineering  Terms. 

LOCKWOOD'S  DICTIONARY  OF  TERMS  USED  IN  THE 
PRACTICE  OF  MECHANICAL  ENGINEERING,  embracing  those  current 
in  the  Drawing  Office,  Pattern  Shop,  Foundry.  Fitting.  Turning.  Smith’s  and 
Boiler  Shops,  &c.  &c.  Comprising  upwards  of  6,00c  Definitions.  Edited  by 
A Foreman  Pattern-Maker  Author  of  ‘‘Pattern  Making.”  Crcwn  Svo, 
7 s.  6 d.  cloth. 

'Just  the  sort  of  handy  dictionary  required  b;  the  various  trades  engaged  ir  mechanical  en- 
gineering. The  practical  engineering  pupil  will  find  the  book  of  great  value  in  his  studies,  and 
every  foreman  engineer  and  mechanic  should  have  a copy." — Building  News. 

“After  a careful  examination  of  the  book  and  trying  ah  manner  of  words,  we  think  that  the 
engineer  will  here  find  all  he  is  likely  to  require.  It  will  be  largely  used.’  — Practical  Engineer. 

“This  admirable  dictionary,  although  primarily  intended  for  the  use  of  draughtsmen  and  ether 
technical  craftsmen,  is  of  much  larger  value  as  a book  of  reference  and  will  fine  c ready  welcome 
in  many  libraries.” — Glasgow  Herald. 

“One  of  the  most  useful  books  which  can  be  presented  tc  a mechanic  or  student.'' — Etigiish 
Mechanic. 

“ Not  merely  a dictionary,  but,  to  a certatn  extent,  also  a most  valuable  guide  It  strikes  us  as 
a happy  idea  to  combine  with  a definition  of  the  phrase  useful  information  on  the  subject  of  which 
it  treats." — Machinery  Market. 

“ This  carefully-compiled  volume  forms  a kind  of  pocket  cyclopmdia  of  the  extensive  subject 
to  which  it  is  devoted.  No  word  having  connection  with  any  branch  of  constructive  engineering 
seems  to  be  omitted.  No  more  comprehensive  work  has  been,  so  far,  issued.” — Knowledge. 

We  strongly  commend  this  useful  and  reliable  adviser  to  our  friends  in  the  workshop,  and  to 
students  everywhere.” — Colliery  Gi/ardian. 

Steam  Boilers. 

A TREATISE  ON  STEAM  BOILERS : Their  Strength,  Con- 
struction, and  Economical  Working.  By  Robert  Wilson,  C.E.  Fifth  Edition. 
i2mo,  6s.  cloth. 

“The  best  treatise  that  has  ever  been  published  on  steam  boilers." — Engineer. 

“ The  author  shows  himself  perfect  master  of  his  subject,  and  we  heartily  recommend  all  em- 
ploying steam  power  to  possess  themselves  of  the  work." — Ryland's  Iron  Trade  Circular. 

Boiler  Ch  imneys . 

BOILER  AND  FACTORY  CHIMNEYS ; Their  Draught-Power 
and  Stability.  With  a Chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  C.E.,  Author  of  “A  Treatise  on  Steam  Boilers,”  &c.  Second 
Edition.  Crown  8vo,  3 s.  6d.  cloth. 

“Full  of  useful  information,  definite  in  statement,  and  thoroughly  practical  in  treatment." — 
The  Local  Government  Chronicle. 

“ A valuable  contribution  to  the  literature  of  scientific  building.  . . . The  whole  subject  is 

a very  interesting  and  important  one,  and  it  is  gratifying  to  know  that  it  has  fallen  into  such  com 
petent  hands." — The  Builder. 

Boiler  Making . 

THE  BOILER-MAKER'S  READY  RECKONER.  With  Ex- 
amples of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers, 
Smiths  and  Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clark,  M.I.C.E. 
Second  Edition,  Revised,  with  Additions,  i2mo,  5s.  half-bound. 

No  workman  or  apprentice  should  be  without  this  book." — Iron  Trade  Circular. 

“A  reliable  guide  to  the  working  boiler-maker.”- — Iron. 

“ Boiler-makers  will  readily  recognise  the  value  of  this  volume.  ...  The  tables  are  clearly 
printed,  and  so  arranged  that  they  can  be  referred  to  with  the  greatest  facility,  so  that  it  cannot  be 
doubted  that  they  will  be  generally  appreciated  and  much  used."— Mining  Journal. 
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Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  With  a Sup- 
plement on  Gas  Engines.  By  T.  M.  Goodeve,  M.A.,  Barrister-at-Law, 
Author  of  “The  Elements  of  Mechanism,”  &c.  Tenth  Edition,  Enlarged. 
With  numerous  Illustrations.  Crown  8vo,  6s.  cloth.  [Just  published. 

“Professor  Goodeve  has  given  us  a treatise  on  the  steam  engine  which  will  bear  comparison 
with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no  higher  praise.” — Engineer. 

“ Professor  Goodeve's  book  is  ably  and  clearly  written.  It  is  a sound  work.” — Athenaum. 

“ Mr.  Goodeve's  text-book  is  a work  of  which  every  young  engineer  should  possess  himself.1' 
—Mining  Journal. 

“Essentially  practical  in  its  aim.  The  manner  of  exposition  leaves  nothing  to  be  desired.  ’ — 
Scotsman. 


Gas  Engines. 

ON  GAS-ENGINES.  Being  a Reprint,  with  some  Additions,  of 
the  Supplement  to  the  Text-book  on  the  Steam  Engine,  by  T.  M.  Goodeve, 
M.A.  Crown  8vo,  2s.  6d.  cloth.  [Just  published. 

" Like  all  Mr.  Goodeve’s  writings,  the  present  is  no  exception  in  point  of  general  excellence. 
It  is  a valuable  iittle  volume.” — Mechanical  IVorld. 

“ This  little  book  will  be  useful  to  those  who  desire  to  understand  how  the  gas-engine  works.  ’ 
— English.  Mechanic. 

Steam. 

THE  SAFE  USE  OF  STEAM.  Containing  Rules  for  Un- 

professional Steam-users.  By  an  Engineer.  Sixth  Edition.  Sewed,  6 d. 

" ^ steam-users  would  but  learn  this  little  book  by  heart  boiler  explosions  would  become 
sensations  by  their  rarity.” — English  Mechanic . 


Coal  and  Speed  Tables. 

A POCKET  BOOK  OF  COAL  AND  SPEED  TABLES,  for 

Engineers  and  Steam-users.  By  Nelson  Foley,  Author  of  “Boiler  Con- 

^struction.”  Pocket-size,  3s.  6d.  cloth  ; 4s.  leather. 

“ This  is  a very  useful  book,  containing  very  useful  tables.  The  results  given  are  well  chosen, 
and  the  volume  contains  evidence  that  the  author  really  understands  his  subject.  We  can  recom- 
mend tne  work  with  pleasure.”— Mechanical  IVorld. 

“ These  tables  are  designed  to  meet  the  requirements  of  every-day  use  ; they  are  of  sufficient 
scope  for  most  practical  purposes,  and  may  be  commended  to  engineers  and  users  of  steam.” — 
Iron. 

“ This  pocket-book  well  merits  the  attention  of  the  practical  engineer.  Mr.  Foley  has  com- 
piled a very  useful  set  of  tables,  the  information  contained  in  which  is  frequently  required  by 
engineers,  coal  consumers  and  users  of  steam.” — Iron  and  Coal  Trades  Review, 


Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE-BRIGADES.  With 
a History  of  Fire-Engines,  their  Construction,  Use,  and  Management;  Re- 
marks  on  Fire-Proof  Buildings,  and  the  Preservation  of  Life  from  Fire; 
Statistics  of  the  Fire  Appliances  in  English  Towns;  Foreign  Fire  Systems; 
Hints  on  Fire  Brigades,  &c.  &c.  By  Charles  F.  T.  Young,  C.E.  With 
numerous  Illustrations,  544  pp.,  demy  8vo,  £1  4s.  cloth. 

. ° such  of  our  readers  as  are  interested  in  the  subject  of  fires  and  fire  apparatus,  we  can  most 

heartily  commend  this  book.  It  is  really  the  only  English  work  we  now  have  upon  the  subject  ” 

Engineering.  J 

“ displays  much  evidence  of  careful  research ; and  Mr.  Young  has  put  his  facts  neatly 
together.  It  is  evident  enough  that  his  acquaintance  with  the  practical  details  of  the  construction  of 
steam  tire  engines,  old  and  new,  and  the  conditions  witli  which  it  is  necessary  they  should  comulv 
is  accurate  and  full.”— Enguucr.  *y. 


Gas  Lighting. 

COMMON  SENSE  FOR  GAS-USERS:  A Catechism  of  Gas- 
Lighting  for  Householders,  Gasfitters,  Millowners,  Architects,  Engineers,  etc. 
By  Robert  Wilson,  C.E.,  Author  of  “ A Treatise  on  Steam  Boilers.” 
Second  Edition,  with  Folding  Plates  and  Wood  Engravings.  Crown  8vo 
price  is.  in  wrapper.  ’ 

, “ A11  gas'users  will  decidedly  benefit,  both  In  pocket  and  comfort,  if  they  will  avail  themselves 
Of  Mr.  Wilson's  counsels.” — Engineeritig. 


Dynamo  Construction. 

HO  W TO  MAKE  A DYNAM  0 : A Practical  Treatise  for  Amateurs. 
Containing  numerous  Illustrations  and  Detailed  Instructions  for  Construct- 
ing a Small  Dynamo,  to  Produce  the  Electric  Light.  By  Alfred  Crofts 
Second  Edition,  Revised  and  Enlarged.  Crown  8vo,  2s.  cloth.  [Just  published 
The  instructions  given  in  this  unpretentious  little  book  are  sufli  iently  clear  and  explicit  to 
enable  any  amateur  mechanic  possessed  ot  average  skill  and  the  usual  tools  to  be  found  in  an 
amateur  s workshop,  to  build  a practical  dynamo, machine.”— Electrician. 
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THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS 

(“The  Engine  Driver’s  Friend”). 

Locomotive-Engine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  : A Practical  Manual  for 

Engineers  in  charge  of  Locomotive  Engines.  By  Michael  Reynolds,  Member 
w-  ^ j—ty  °*  ^'nS!nGers,  formerly  Locomotive  Inspector  L.  B.  and  S.  C.  R, 
Eigntn  Edition.  Including  a Key  to  the  Locomotive  Engine.  With  Illus- 
"SnS  a w Portrait  of  Author.  Crown  8vo,  4s.  6 d.  cloth, 
v.  tias  supplied  a want,  and  has  supplied  it  well.  We  can  confidently  recommend 

c 1 ’ fiot  on,y  t0  the  practical  driver,  but  to  everyone  who  takes  an  interest  in  the  performance 

01  locomotive  engines.  — The  Engineer.  1 

Jlas10'1Snec*  aneIw.  chapter  in  the  literature  of  the  day.  This  admirable  practical 
A thenauni ° ^ractIca  utility  of  which  we  have  to  speak  in  terms  of  warm  commendation.” — 

“ widei.\t!y  the  work  of  one  who  knows  his  subject  thoroughly.”-  Railway  Service  Gazette. 
were  the  cautions  and  rules  given  in  the  book  to  become  part  of  the  every-day  working  of 
our  engine-drivers,  we  might  have  fewer  distressing  accidents  to  deplore.”— Scotsman. 

Stationary  Engine  Driving. 

STATIOL ARY  ENGINE  DRIVING  : A Practical  Manual  for 
Engineers  in  charge  of  Stationary  Engines.  By  Michael  Reynolds.  Third 
khition,  P'.r)iarged.  With  Plates  and  Woodcuts.  Crown  8vo,  4s.  6 d.  cloth. 

, ^ ‘ *?e  author is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various  points 

0 ,ar  a'K'  Practical-.  . . . He  has  produced  a manual  which  is  an  exceedingly  useful 
oni-  the  class  for  whom  it  is  specially  intended." — Engineering. 

Our  author  leaves  no  stone  unturned.  He  is  determined  that  his  readers  shall  not  only  know 
■Something  about  the  stationary  engine,  but  all  about  it  ."—Engineer. 

An  enginemnn  who  has  mastered  the  contents  of  Mr.  Reynolds's  bookwill  require  but  little  actual 
experience  with  boilers  and  engines  before  he  can  be  trusted  to  look  after  them.” — E nglishM echan ic. 

The  Engineer , Fireman , and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER , FIREMAN,  and 
ENGINE-BOY. _ Comprising  a Historical  Notice  of  the  Pioneer  Locomotive 
Engines  and  their  Inventors.  By  Michael  Reynolds.  With  numerous  Illus- 
Hattons  and  a fine  Portrait  of  George  Stephenson.  Crown  8vo,  4s.  6 d.  cloth. 
'.J'oru  the  technical  knowledge  of  the  author  if  will  appeal  to  the  railway  man  of  to-day  more 
forcibly  than  anything  written  by  Dr.  Smiles.  . . . The  volume  contains  information  of  a tech- 
meal  kind,  and  facts  that  every  driver  should  be  familiar  with.” — English  Mechanic . 

We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a locomotive  engine.” — Iron , 

Continuous  Railway  Brahes. 

CONTINUOUS  RAILWAY  BRAKES : A Practical  Treatise  on 
the  several  Systems  in  Use  in  the  United  Kingdom;  their  Construction  and 
Performance.  With  copious  Illustrations  and  numerous  Tables.  By  Michael 
Reynolds.  Large  crown  8vo,  9s.  cloth. 

“ A popular  explanation  of  the  different  brakes,  it  will  be  of  great  assistance  in  forming  public 
opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake.” — English 
Mechanic. 

“Written  with  sufficient  technical  detail  to  enable  the  principle  and  relative  connection  of  the 
various  parts  of  each  particular  brake  to  be  readily  grasped.”— Mechanical  IVorld. 

Engine-Driving  Life. 

ENGINE-DRIVING  LIFE  : Stirring  Adventures  and  Incidents 
in  the  Lives  of  Locomotive-Engine  Drivers.  By  Michael  Reynolds.  Second 
Edition,  with  Additional  Chapters.  Crown  8vo.  2 s.  cloth.  [Just  published. 

“ From  first  to  last  perfectly  fascinating.  Wilkie  Collins’s  most  thrilling  conceptions  are  thrown 
into  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page.”— North  British  Mail. 

“Anyone  who  wishes  to  get  a real  insight  into  railway  life  cannot  do  better  than  read  ‘ Engine- 
Driving  Life  ’ for  himself ; and  if  he  once  take  it  up  lie  will  find  that  the  author’s  enthusiasm  and  real 
love  of  the  engine-driving  profession  will  carry  him  on  till  he  has  read  every  page.’’— Saturday  Review. 

Vochet  Companion  for  Enginemen. 

THE  ENGINEMAN’S  POCKET  COMPANION  AND  PRAC- 
TICAL EDUCATOR  FOR  ENGINEMEN,  BOILER  ATTENDANTS, 
AND  MECHANICS.  By  Michael  Reynolds.  With  Forty-five  Illustra- 
tions and  numerous  Diagrams.  Second  Edition,  Revised.  Royal  i8mo,  3s.  6 d,, 
strongly  bound  for  pocket  wear. 

“ This  admirable  work  is  we’.i  suited  to  accomplish  its  object,  being  the  honest  workmanship  of 
a competent  engineer.” — Glasgoiu  Herald. 

■ j A ,mo.st  mer'torious  work,  giving  in  a succinct  and  practical  form  all  the  information  an  engine- 
minder  desirous  of  mastering  the  scientific  principles  of  his  dady  calling  would  require.” — Milter. 

“ A boon  to  those  who  are  striving  to  become  efficient  mechanics.” — Daily  Chronicle. 
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French-English  Glossary  for  Engineers,  etc. 

A POCKET  GLOSSARY  of  TECHNICAL  TERMS:  ENGLISH - 
FRENCH  FRENCH-ENGLISH ; with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing  and  Nautical  Professions.  By  John  James 
Fletcher,  Engineer  and  Surveyor  ; 200  pp.  Waistcoat-pocket  size,  is.  6 
limp  leather. 

“ It  ought  certainly  to  be  in  the  waistcoat-pocket  of  every  professional  man.  —Iron. 

“It  is  a very  great  advantage  for  readers  and  correspondents  in  France  and  England  to  have 
so  laro-e  a number  of  the  words  relating  to  engineering  and  manufacturers  collected  in  a liliputian 
volume.  The  little  book  will  be  useful  both  to  students  and  travellers.  — Architect. 

“ The  glossary  of  terms  is  very  complete,  and  many  of  the  tables  are  new  and  well  arranged. 
We  cordially  commend  the  book." — Mechanical  World. 

Portable  Engines. 

THE  PORTABLE  ENGINE;  ITS  CONSTRUCTION  AND 
MANAGEMENT.  A Practical  Manual  for  Owners  and  Users  of  Steam 
Engines  generally.  By  William  Dyson  Wansbrough.  With  90  Illustra- 
tions. Crown  Svo,  3s.  6d.  cloth. 

“ This  is  a work  of  value  to  those  who  use  steam  machinery.  . . . Should  be  read  by  every- 
one who  has  a steam  engine,  on  a farm  or  elsewhere.”— Mark  Lane  Express. 

“ We  cordially  commend  this  work  to  buyers  and  owners  of  steam  engines,  and  to  those  who 
have  to  do  with  their  construction  or  use." — Timber  Trades  journal. 

•'  Such  a general  knowledge  of  the  steam  engine  as  Mr.  Wansbrough  furnishes  to  the  reader 
should  be  acquired  by  all  intelligent  owners  and  others  who  use  the  steam  engine.”— Building  News. 
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MR.  HUMBER’S  IMPORTANT  ENGINEERING  BOOKS. 


The  Water  Supply  of  Cities  and  Towns. 

A COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
OF  CITIES  AND  TOWNS.  By  William  Humber,  A-M.Inst.C.E.,  and 
M.  Inst.  M.E.,  Author  of  “Cast  and  Wrought  Iron  Bridge  Construction,” 
&c.  &c.  Illustrated  with  50  Double  Plates,  1 Single  Plate,  Coloured 
Frontispiece,  and  upwards  of  250  Woodcuts,  and  containing  400  pages  of 
Text,  Imp.  4to,  £6  6s.  elegantly  and  substantially  half-bound  in  morocco. 


I.  Historical  Sketch  of  some  of  the  means 
that  have  been  adopted  for  the  Supply  of  Water 
to  Cities  and  Towns. — II.  Water  and  the  Fo- 
reign Matter  usually  associated  with  it.— III. 
Rainfall  and  Evaporation.— IV.  Springs  and 
the  water-bearing  formations  of  various  dis- 
tricts.— V.  Measurement  and  Estimation  of  the 
flow  of  AVater — VI.  On  the  Selection  of  the 
Source  of  Supply. — VII.  Wells.— VIII.  Reser- 
voirs.— IX.  The  Purification  of  Water. — X. 
Pumps.  — XI.  Pumping  Machinery.  — XII. 


List  of  Contents 


Conduits.— XIII.  Distribution  of  Water.— XIV. 
Meters,  Service  Pipes,  and  House  Fittings. — 
XV.  The  Law  and  Economy  of  Water  Works. 
XVI;  Constant  and  Intermittent  Supply. — 
XVII.  Description  of  Plates.  — Appendices, 
giving  Tables  of  Rates  of  Supply,  Velocities, 
&c.  &c„  together  with  Specifications  of  several 
Works  illustrated,  among  which  will  be  found : 
Aberdeen,  Bideford,  Canterbury,  Dundee, 
Halifax,  Lambeth,  Rotherham,  Dublin,  and 
others. 


“ The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in  English,  or 
In  any  other  language.  . . . Mr.  Humber's  work  is  characterised  almost  throughout  by  an 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises." 
— Engineer. 

“We  can  congratulate  Mr.  Humber  on  having  been  able  to  give  so  large  an  amount  of  infor- 
mation on  a subject  so  important  as  the  water  supply  of  cities  and  towns.  The  plates,  fifty  in 
number,  are  mostly  drawings  of  executed  works,  and  alone  would  have  commanded  the  attention 
of  every  engineer  whose  practice  may  lie  in  this  branch  of  the  profession."— Builder. 


Cast  and  Wrought  Iron  Bridge  Construction. 

A COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST 
AND  WROUGHT  IRON  BRIDGE  CONSTRUCTION,  including  Iron 
Foundations.  In  Three  Parts — Theoretical,  Practical,  and  Descriptive.  By 
William  Humber,  A.M.Inst.C.E.,  and  M.Inst.M.E.  Third  Edition,  Re- 
vised and  much  improved,  with  115  Double  Plates  (20  of  which  now  first 
appear  in  this  edition),  and  numerous  Additions  to  the  Text.  In  Two  Vols., 
imp.  4to,  £6  16s.  6 cl.  half-bound  in  morocco. 

“A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to 
elevations,  plans  and  sections,  large  scale  details  are  given  which  very  much  enhance  the  instruc- 
tive worth  of  those  illustrations." — Civil  Engineer  and  Architect's  yournal. 

“Mr.  Humber’s  stately  volumes,  lately  issued— in  which  the  most  Important  bridges  erected 
during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt,  Mr.  Hawk- 
shaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  most  eminent  engineers,  are 
drawn  and  specified  m great  detail." — Engineer. 


CROSBY  LOCKWOOD  6-  SON'S  CATALOGUE. 


MR.  HUMBER’S  GREAT  WORK  ON  MODERN  ENGINEERING. 

Complete  in  Four  Volumes,  imperial  4to,  price  £12  12s.,  half-moroccc.  Each 
Volume  sold  separately  as  follows : — 

1 RTKr°vD  THE  PR0GRESS  OF  MODERN  ENG1NEER- 

RaUwavIRrM~EoInl*  .,Co™Pn?ing  Civil,  Mechanical,  Marine,  Hydraulic, 
r if8%  andr other  Engineering  Works  &c.  Ey  William  Humber! 
Photocxranln>’’p^ri  4,to’W1^  36  Double  Plates,  drawn  tc  a large  scale, 

descriSfw  T ^eSrlrtcc°iJ°h-«  H-awksbaw.  C.E.,  F.R-S.,  &c„  and  copious 
ptive  Letterpress,  Specifications;  &c.,  £3  3s.  balf-mcrocco. 


List  of  the  Plata  and  Diagrams 

Victoria  Station  and  Roof  L.  B.  & S.  C.  R, 

IS  plates) ; Southport  Pier  (2  plates) ; Victoria 
Station  and  Root,  L.  C.  & D.  and  G.  W.  R.  (6 
plates) ; Roof  of  Crcmorne  Music  Hall ; Bridge 
over  G.  N.  Railway  ; Roof  of  Station,  Dutch 
Rhenish  Rail  (2  plates) ; Bridge  over  the 


Thames.  West  London  Extension  Railway  (5 
plates) ; Armour  Plates  : Suspension  Bridge, 
Thames  (4  plates) ; The  Allen  Engine ; Sus- 
pension Bridge,  Avon  (3  plates);  Underground 
Railway  (■  plates). 


In  a pernw^mit  Cf(^rm  *ccSe?^o^the^illp'nte^'a  11  wi?Lfind  favout  with  many  whe  desire  to  preserve 

for  the  ^:dance  °,the  con- 

HUMBER’S  RECORD  OF  MODERN  ENGINEERING.  Second 

ISInso^CF0’  MP  3f  p°QblA  Platej'  Pho.tograPhic  Portrait  of  Robert 
ipeefbeations,  &c’  £3  3V.  hafflmorJccm  CCP‘°US  descriPtive  Letterpress. 

List  of  the  Plates  and  Diagrams 
Birkenhead  Docks,  Low  Water  Basin  (is 
plates);  Charing  Cross  Station  Roof,  C.  C. 

Railway  (3  plates);  Digswell  Viaduct,  Great 
Northern  Railway;  Robbery  Wood  Viaduct, 

Great  Northern  Railway;  Iron  Permanent 
Way;  Clydach  Viaduct,  Merthyr,  Tredegar, 


and  Abergavenny  Railway ; Ebbw  Viaduct. 
Merthyr,  Tredegar,  and  Abergavenny  Rah- 


way ; College  Wood  Viaduct,  Cornwall  Rail- 
way ; Dublin  Winter  Palace  Roof  (3  plates) ; 
Bridge  over  the  Thames,  L.  C.  & D.  Railway 
(6  plates) ; Albert  Harbour,  Greenock  (4  plates). 


w . , 0 ’ ' f , inouniaiuuui,  VJICUIIULR  \ 4 

he  has  1 ic  re  b romd  n YJf.Tot  ro/es‘:i  on  g0?d.and  true  service,  by  the  fine  collection  of  examples 

He  nas  here  brought  before  the  profession  and  the  public  .'-Practical  Mechanics  Journal. 

HUMBER’S  RECORD  OF  MODERN  ENGINEERING.  Third 

M:ripfn  4CTPouble  Plates,  Photographic  Portrait  of  J.  R. 

firiunne’!1  Pfes-  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Speci- 
fications, &c.,  £3  3s.  half-morocco.  K F 

List  of  the  Plates  and  Diagrams. 


Sewer,  Reservoir  and  Outlet  (4  plates) ; Outfall 
Sewer,  Filth  Hoist;  Sections  of  Sewers  (North 
and  South  Sides). 

Thames  Embankment.— Section  of  River 
Wall  ; Steamboat  Pier,  Westminster  (2  plates): 
Landing  Stairs  between  Charing  Cross  and 
Waterloo  Bridges  ; York  Gate  (2  plates) ; Over- 
flow and  Outlet  at  Savoy  Street  Sewer  (3  plates) ; 
Steamboat  Pier,  Waterloo  Bridge  (3  plates) ; 
Junction  of  Sewers,  Plans  and  Sections ; 
Gullies,  Plans  and  Sections ; Rolling  Stock ; 
Granite  and  Iron  Forts. 


main  Drainage,  Metropolis.— North 
Side. — Map  showing  Interception  of  Sewers; 

Middle  Level  Sewer  (2  plates) ; Outfall  Sewer, 

Bridge  over  River  Lea  (3  plates) ; Outfall  Sewer, 

Bridge  over  Marsh  Lane,  North  Woolwich 
Railway,  and  Bow  and  Barking  Railway  Junc- 
tion ; Outfall  Sewer,  Bridge  over  Bow  and 
Barking  Railway  (3  plates);  Outfall  Sewer, 

Bridge  over  East  London  Waterworks  Feeder 
(2  plates);  Outfall  Sewer,  Reservoir  (2  plates) ; 

Outfall  Sewer,  Tumbling  Bay  and  Outlet;  Out- 
fall Sewer,  Penstocks.  South  Side.— Outfall 
Sewer,  Bermondsey  Branch  (2  plates) ; Outfall 

“ The  drawings  have  a constantly  increasing  value,  and  whoever  desires  to  possess  clear  reore- 
vo?u meP-En^nur.  ****  * Carried  out  Metropolitan  Board  will  obUni  Mr  lfLibePs 

HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Fourth 
Series.  Imp  4to,  with  36  Double  Plates,  Photographic  Portrait  of  John 
Fowler,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Speci- 
fications, &c„  £3  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 

Abbey  Mills  Pumping  Station,  Main  Drain- 
age, Metropolis  (4  plates) ; Barrow  Docks  (s 
plates) ; Manquis  Viaduct,  Santiago  and  Val- 
paraiso Railway  (2  plates) ; Adam’s  Locomo- 
tive, St.  Helen’s  Canal  Railway  (2  plates) ; 

Cannon  Street  Station  Roof,  Charing  Cross 
Railway  (3  plates) ; Road  Bridge  over  the  River 
Moka  (2  plates);  Telegraphic  Apparatus  for 

* T in^i5.ladIxiWC,C°,ne  anot*'pr  year’s  issue  of  this  valuable  publication  from  the  able  pen  o' 
5‘  ' ,,  e accuracy  nnd  general  excellence  of  this  work  are  well  known,  while  its  useful 

ess  g 11  g the  measurements  and  details  01  some  of  the  latest  examples  of  engineering,  as 
carried  out  by  the  most  eminent  men  in  the  profession,  cannot  be  too  highly  prized."—- A riisan. 


Iron  Cylinder  for  Diving  Bell;  Millwall  Docks 
(6  plates) ; Milroy’s  Patent  Excavator;  Metro- 
politan District  Railway  (6  plates) ; Harbours, 
Ports,  and  Breakwaters  (3  plates). 
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MR.  HUMBER’S  ENGINEERING  BOOKS— continued. 

Strains,  Calculation  of. 

A HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 
IN  GIRDERS  AND  SIMILAR  STRUCTURES,  AND  THEIR  STRENGTH . 
Consisting  of  Formulas  and  Corresponding  Diagrams,  with  numerous  details 
for  Practical  Application,  &c.  By  William  Humber,  A-M.Inst.C.E.,  &c. 
Fourth  Edition.  Crown  8vo,  nearly  100  Woodcuts  and  3 Plates,  7s.  6 d.  cloth. 
" The  formulae  are  neatly  expressed,  and  the  diagrams  good.”— Athenaum. 
lish  Mechanic^  commend  tllis  reahy  handy  book  to  our  engineer  and  architect  readers.”— Eng- 


Barlow’s  Strength  of  3Iaterials,  enlarged  by  Ihnnber 

A TREATISE  ON  THE  STRENGTH  OF  MATERIALS ; 
with  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S.  A New  Edition,  revised 
VV-  Earlow,  F.R.S. , and  W.  H.  Barlow,  F.R.S. ; to  which 
are  added,  Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldy  ; and 
Formulae  for  Calculating  Girders,  &c.  Arranged  and  Edited  by  W.  Humber, 
A-M.Inst.C.E.  Demy  8vo,4oo  pp.,  with  19  large  Plates  and  numerous  Wood- 
cuts,  18s.  cloth. 


futur-X  S 1°  1 studenh  ty/o,  and  the  experienced  practitioner,  It  will  always  rank  in 

future  as  it  has  hithertodone,  as  the  standard  treatise  on  that  particular  subject."— Engineer 
„ i here  Is  no  greater  authority  than  Barlow."— Building  News. 

civil  enffinoSpreJl,taf‘C  W°^  °,f  the ^rst.  c,ass' !t  deserves  a foremost  place  on  the  bookshelves  of  every 
civil  engineer  and  practical  mechanic.  '—English  Mechanic.  * 


Trigonometrical  Surveying. 

^r^0UTLINE  0F  THE  METHOD  OF  CONDUCTING  A 

Tolwrath^l  mR[CA  L , VE&,  ^ the  formation  of  Geographical  and 

[ prnhll if  a'Ul  f ans'  Reconnaissance,  Levelling,  &c.,  with 

Fourth  FrfWnn  P F.°™u1*-  and  Tables.  By  Lieut.-General  Frome,  R.E. 
Warm? C C m rVl r /1" W y ^-written  by  Major  General  Sir  Charles 
cloth  ’ G,C-M-G-(  R-E-  Wlth  *9  Plates  and  115  Woodcuts,  royal  8vo,  16s. 

No  voris  o^raisefrnllfnf  ed!Jion  h,as  been  called  for  Is  the  best  testimony  to  Its  merits, 

work.  Sir  Charles  Warren  h^s  revke?H fhCn  P°SIll0n  so  well  and  so  steadily  maintained  by  this 
to  bring  every  portion  of  the" contents  aS  Were  necessar* 

Oblique  Bridges. 

BR^DCFS71™^  A^D  ™?ORKTICAL  ESS  A Y ON  OBLIQUE 

M I C E Th^d  p Pr  'arge  ?'aiSuS-  vBy  the  late  George  Watson  Buck, 
M Third  Edition,  revised  by  his  Son  T H Watsom  RtT rv  m T r f . 

would  be  impowtbfe'fo  consult^be'tter^— SkC"  arches  is  Mr-  buck's  treatise,  and  it 

subject*  of *many  of^^fnnic^^eT^upposed  t^bel^'^to  it00^  ^ ^ trea"  >»*  tested  the 
tect,  on  a confessedly  difficult  subject  Mr.  Buck’s  ww^is^ns^rpa^'dA— “**■ 

WatcrStovage,  Conveyance  and  Utilisation. 

SSf! .■pSr^sasyw^S 

7*.  6d.  cloth.  “ 8 ’ & Wlth  numerous  Illustrations.  Crown  8vo. 

Water-poweG  the  work  is  hi  Sy  res^eftfexd'e^^^  and  011  so,ne  applications  of 

authorities,  and  has  p^e'med  them  s °f  U,e  most  eminent 

ippUcationsinhesdenceThVre  ii^bct^  a consic,cration  oflhc  Practical 
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Statics , Graphic  and  Analytic, 

GRAPHIC  AND  ANALYTIC  ST  AT  ICS,  in  their  Practical  Appii- 
cation  to  the  Treatment  of  Stresses  in  Roofs,  Solid  Girders,  Lattice,  Bowstring 
and  Suspension  Bridges,  Braced  Iron  Arches  and  Piers,  and  other  Frameworks. 
By  R.  Hudson  Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scale. 
With  numerous  Examples,  many  taken  from  existing  Structures.  Specially 
arranged  for  Class-work  in  Colleges  and  Universities.  Second  Edition,  Re- 
vised and  Enlarged.  8vo,  16s.  cloth. 

“ Mr.  Graham's  book  will  find  a place  wherever  graphic  and  analytic  statics  are  used  or  studied.'' 

— Engineer. 

“ work  is  excellent  from  a practical  point  of  view,  and  has  evidently  been  prepared  with 
much  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of  well- 
selected  examples.  It  is  an  excellent  text-book  for  the  practical  draughtsman." — Athenceum. 

Student’s  Tcxt-Pooh  on  Surveying. 

PRACTICAL  SURVEYING  • A Text-Book  for  Students  pre- 
paring for  Examination  or  for  Survey-work  in  the  Colonies.  By  George 
VV.  Usill,  A.M.I.C.E.,  Author  of  “The  Statistics  of  the  Water  Supply  of 
Great  Britain.”  With  Four  Lithographic  Plates  and  upwards  of  330  Illustra- 
tions. Crown  8vo,  ys.  6 d.  cloth.  [Just  published. 

" The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes  of 
employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in  his 
experience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  student 
in  his  inexperience  will  find  most  serviceable." — Engineer. 

“ We  have  no  hesitation  in  saying  that  the  student  will  find  this  treatise  a better  guide  than 
any  of  its  predecessors.  ...  It  deserves  to  be  recognised  as  the  first  book  which  should  be  put  in 
the  hands  of  a pupil  of  Civil  Engineering,  and  every  gentleman  of  education  who  sets  out  for  the 
Colonies  would  find  it  well  to  have  a copy." — Architect. 

“ A very  useful,  practical  handbook  on  field  practice.  Clear,  accurate  and  not  too  con- 
densed."— Journal  of  Education. 

Survey  Practice. 

AID  TO  SURVEY  PRACTICE,  for  Reference  in  Surveying,  Level- 
ling, Setting-out  and  in  Route  Surveys  of  Travellers  by  Land  and  Sea.  With 
Tables,  Illustrations,  and  Records.  By  Lowis  D’A.  Jackson,  A.M.I.C.E., 
Author  of  “ Hydraulic  Manual,”  “ Modern  Metrology,”  &c.  Second  Edition, 
Enlarged.  Large  crown  8vo,  12s.  6d.  cloth. 

“Mr.  Jackson  has  produced  a valuable  vade-meaim  for  the  surveyor.  We  can  recommend 
this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor." — 
Athenaum. 

“ As  a text-book  we  should  advise  all  surveyors  to  place  it  in  their  libraries,  and  study  well  the 
matured  instructions  afforded  in  its  pages." — Colliery  Guardian. 

“ The  author  brings  to  his  work  a fortunate  union  of  theory  and  practical  experience  which, 
aided  by  a clear  and  lucid  style  of  writing,  renders  the  book  a very  useful  one." — Builder. 

Surveying , Land  and  Marine. 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the  Pre- 
paration of  Plans  for  Roads  and  Railways;  Canals,  Rivers,  Towns’  Water 
Supplies;  Docks  and  Harbours.  With  Description  and  LTse  of  Surveying 
Instruments.  By  W.  D.  Haskoll,  C.E.,  Author  of  “ Bridge  and  Viaduct  Con- 
struction,” &c.  Second  Edition,  with  Additions.  Large  crown  Svo,  9s.  cloth. 
“ This  book  must  prove  of  great  value  to  the  student.  We  have  no  hesitation  in  recommend- 
ing it,  feeling  assured  that  it  will  more  than  repay  a careful  study."—  Mechanical  V-orld. 

“ We  can  strongly  recommend  it  as  a carefully-written  and  valuable  text-book.  It  enjoys  a well- 
deserved  repute  among  surveyors."— Builder. 

“ This  volume  cannot  fail  to  prove  of  the  utmost  practical  utility.  It  may  be  safely  recommended 
to  all  students  who  aspire  to  become  clean  and  expert  surveyors.”— Min iug  Journal. 

Tunnelling. 

PRACTICAL  TUNNELLING.  Explaining  in  detail  the  Setting, 
out  of  the  works,  Shaft-sinking  and  Heading:driving,  Ranging  the  Lines  and 
Levelling  underground,  Sub-Excavating,  Timbering,  and  the  Construction 
of  the  Brickwork  oi  Tunnels,  with  the  amount  of  Labour  required  for,  and  the 
Cost  of,  the  various  portions  of  the  work.  By  Frederick  W.  Simms,  F.G.S., 
M.Inst.C.E.  Third  Edition,  Revised  and  Extended  by  D.  Kinnear  Clark, 
M. Inst.  C.E. ; Imperial  8vo,  with  21  Folding  Plates  and  numerous  Wood 
Engravings,  30s.  cloth. 

“The  estimation  in  which  Mr.  Simms's  book  on  tunnelling  has  been  held  for  over  thirty  years 
cannot  be  more  truly  expressed  than  in  the  words  of  the  late  Prof.  Rankine  : — ‘ The  best  source  of  in- 
formation on  the  subject  of  tunnels  is  Mr.  F.W.  Simms's  work  on  Practical  Tunnelling.’  ’’ — Architect. 

“It  has  been  regarded  from  the  first  as  a text  book  of  the  subject.  . . , Mr.  Clarke  has  added 
immensely  to  the  value  of  the  book.”— Engineer. 
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Levelling. 

A TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF 

LEVELLING.  Showing  its  Application  to  purposes  of  Railway  and  Civil 
Engineering,  in  the  Construction  of  Roads;  with  Mr. Telford’s  Ruleslor  the 
same.  By  Frederick  W.  Simms,  F.G.S.,  M.Inst.C.E.  Seventh  Edition,  with 
the  additionof  Law's  Practical  Examples  for  Setting-out  Railway  Curves,  and 
Trautwine’s  Field  Practice  of  Laying-out  Circular  Curves.  With  7 Plates 
and  numerous  Woodcuts,  8vo,  8s.  6 d.  cloth.  ***  Trautwine  on  Curves 
may  be  had  separate,  5s.  m . 

“ The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges.''  Engineer. 

11  The  publishers  have  rendered  a substantial  service  to  the  profession,  especially  to  the  younger 
members,  by  bringing  out  the  present  edition  of  Mr.  Simms’s  useful  work.” — Engineering. 


Heat,  Expansion  by. 

EXPANSION  OF  STRUCTURES  BY  HEAT.  By  John 

Keily,  C.E.,  late  of  the  Indian  Public  Works  and  Victorian  Railway  Depart- 
ments. Crown  8vo,  3s.  6 d.  cloth. 


Section  I.  Formulas  and  Data. 
Section  II.  Metal  Bars. 

Section  III.  Simple  Frames. 

Section  IV.  Complex  Frames  ] and 
Plates. 

Section  V.  Thermal  Conductivity. 


Summary  of  Contents. 


Section  VI. 

Section  VII. 

Section  VIII. 
Section  IX. 


Mechanical  Force  of 
Heat. 

Work  of  Expansion 
and  Contraction. 
Suspension  Bridges. 
Masonry  Structures. 


“ The  aim  the  author  has  set  before  him,  viz.,  to  show  the  effects  of  heat  upon  metallic  and 
other  structures,  is  a laudable  one,  for  this  is  a branch  of  physics  upon  which  the  engineer  or  archi 
tect  can  find  but  little  reliable  and  comprehensive  data  in  books.” — Builder. 

“ Whoever  is  concerned  to  know  the  effect  of  changes  of  temperature  on  such  structures  as 
suspension  bridges  and  the  like,  could  not  do  better  than  consult  Mr.  Keily's  valuable  and  handy 
exposition  of  the  geometrical  principles  involved  in  these  changes.”— Scotsman. 


Practical  31athematics. 

MATHEMATICS  FOR  PRACTICAL  MEN:  Being  a Common- 
place Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly  for  the  use 
of  Civil  Engineers,  Architects  and  Surveyors.  By  Olinthus  Gregory, 
LL.D.,  F.R.A.S.,  Enlarged  by  Henry  Law,  C.E.  4th  Edition,  carefully 
Revised  by  J.  R.  Young,  formerly  Professor  of  Mathematics,  Belfast  College. 
With  13  Plates,  8vo,  £1  is.  cloth. 

“ The  engineer  or  architect  will  here  find  ready  to  his  hand  rules  for  solving  nearly  every  mathe- 
matical difficulty  that  may  arise  in  his  practice  The  rules  are  in  all  cases  explained  by  means  of 
examples,  in  which  every  step  of  the  process  is  clearly  worked  out  ."—Builder. 

“ It  is  an  instructive  book  for  the  student,  and  a text-book  for  him  who,  having  once  mastered 
the  subjects  it  treats  of,  needs  occasionally  to  refresh  his  memory  upon  them." — Building  News. 

Hydraulic  Tables. 

HYDRAULIC  TABLES,  CO-EFFICIENTS, and  FORMULAS, 

for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 
Rivers.  With  New  Formulae,  Tables,  and  General  Information  on  Rainfall, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  Civil  Engineer,  M.R.I.A.  Third  Edition,  care- 
fully Revised,  with  Additions.  Numerous  Illustrations.  Cr.  8vo,  14s.  cloth. 

/’  Alike  valuable  to  students  and  engineers  in  practice  ; its  study  will  prevent  the  annoyance  of 
avoidable  failures,  and  assist  them  to  select  the  readiest  means  of  successfully  carrying  out  any 
given  work  connected  with  hydraulic  engineering.”— Mining  Journal. 

“ It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness,  * . . From  the 
good  arrangement  of  the  matter,  the  clear  explanations,  and  abundance  of  formulae,  the  carefully 
calculated  tables,  and,  above  all,  the  thorough  acquaintance  with  both  theory  and  construction, 
which  is  displayed  from  first  to  last,  the  book  will  be  found  to  be  an  acquisition.”— A rchucct. 

Hydraulics. 


HYDRAULIC  MANUAL,  Consisting  of  Working  Tables  and 

Explanatory  Text.  Intended  as  a Guide  in  Hydraulic  Calculations  and  Field 
Operations.  By  Lowis  D’A.  Jackson,  Author  of  “ Aid  to  Survey  Practice,” 
j‘ Modern  Metrology,”  &c.  Fourth  Edition,  Enlarged.  Large  cr.  8vo,  16s.  cl. 
rC  r r !iac*  a experience  in  hydraulic  engineering  and  has  been  a careful  ob- 
server of  the  facts  which  have  come  under  his  notice,  and  from  the  great  mass  of  material  at  his 
m 6 has  constructed  a manual  which  maybe  accepted  as  a trustworthy  guide  to  this 
rAnch  °(  the  engineer  s profession.  We  can  heartily  recommend  this  volume  to  all  who  desire  to 
bo  acquainted  with  the  latest  development  of  this  important  subjectC-Engineerin^. 
twAJi,6  1T0S.-  use0 1 Mature  of  this  work  is  its  freedom  from  what  is  superannuated,  and  its 

the  teXt  iSl  “ faCt'  in  2rcat  Part  a short  account  of  the 
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Drainage . 

?vrTHE  DRAINAGE  OF  LANDS , TOWNS  AND  BUILD- 
G,,P’  Pe“psey,  C.E.,  Author  of  “ The  Practical  Railway  En- 
gineer, Sic.  Revised,  with  large  Additions  on  Recent  Practice  in 
Drainage  Engineering,  by  D.  Kinnear  Clark,  M.Inst.C.E.  Author  of 
l ramways : I heir  Construction  and  Working,”  “ A Manual  of  Rules,  Tables, 
t<and  Data  for  Mechanical  Engineers,”  &c.  &c.  Crown  8vo,  7s.  6 d.  cloth. 

Klvp  o-^isn  ?nli  ™atter  aflded  to  Mr.  Dempsey  s excellent  work  is  characterised  bv  the  comprehen- 
Athettaum.  ccuracy  01  detal1  for  whlch  the  name  of  Mr.  L).  K.  Clark  is  a sufficient  voucher. 

who*l^Sn^r?ok  Ie.Cent  Police  in  drainage  engineering,  the  book  is  to  be  commended  to  all 
..  a making1  that  branch  of  engineering  science  their  special  study.”— Iron. 

BuilcfawNeivs*11*™*  manual  on  draina£e  engineering,  and  a useful  introduction  to  the  student.” 


Tramways  and  their  Working. 

TRAMWAYS  : THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a Comprehensive  History  of  the  System  ; with  an  exhaustive 
Analysis  of  the  various  Modes  of  Traction,  including  Horse-Power,  Steam, 
Heated  Water,  and  Compressed  Air  ; a Description  of  the  Varieties  of  Rolling 
Stock ; and  ample  Details  of  Cost  and  Working  Expenses : the  Progress 
recently  made  in  Tramway  Construction,  &c.  &c.  By  D.  Kinnear  Clark, 
M.Inst.C.E.  With  over  200  Wood  Engravings,  and  13  Folding  Plates.  Two 
^Vols.,  large  crown  8vo,  30s.  cloth. 

A?  *f}teres^d  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned  to  the  author’s 
work  Railway  Machinery.  —Engineer. 

An  exhaustive  and  practical  work  on  tramways,  in  which  the  history  of  this  kind  of  locomo- 
Bu&diti^r  ^CnPtl0n  an<^  C°S^  var*ous  modes  of  laying  tramways,  are  to  be  found.” — 

The  best  form  of  rails,  the  best  mode  of  construction,  and  the  best  mechanical  appliances 
ar*n  v?  tamy  indicated  in  the  work  under  review,  that  any  engineer  about  to  construct  a tramway 
will  be  enabled  at  once  to  obtain  the  practical  information  which  will  be  of  most  service  to  him.”— 
Athcrnzum. 

Oblique  Arches. 

A PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  OF 
OBLIQUE  ARCHES.  By  John  Hart.  Third  Edition,  with  Plates.  Im- 
perial 8vo,  8s.  cloth. 

Curves , Tables  for  Setting-out. 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES 

for  Setting-out  Curves  from  5 to _ 200  Radius.  By  Alexander  Beazeley, 
M.Inst.C.E.  Third  Edition.  Printed  on  48  Cards,  and  sold  in  a cloth  box, 
waistcoat-pocket  size,  3s.  6 d. 

" Each  table  is  printed  on  a small  card,  which,  being  placed  on  the  theodolite,  leaves  the  hands 
free  to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity  of  work.” — Etigiticcr, 
“V  ery  handy  ; a man  may  know  that  all  his  day’s  work  must  fall  on  two  of  these  cards,  which 
he  puts  into  his  own  card-case,  and  leaves  the  rest  behind.’'— Athenaum. 

Earthwork. 

EAR! H WORK  TABLES.  Showing  the  Contents  in  Cubic 
Yards  of  Embankments,  Cuttings,  &c.,of  Heights  or  Depths  up  to  an  average 
of  80  feet.  By  Joseph  Broadbent,  C.E.,  and  Francis  Camfin,  C.E.  Crown 
8vo,  5s.  cloth. 

“ The  way  in  which  accuracy  is  attained,  by  a simple  division  ot  each  cross  section  into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  ingenious  ."—Athenaeum. 

TunrtPl  SI  7 1 a ft « 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS:  A 

Practical  and.  Theoretical  Essay.  By  J.  H.  Watson  Buck,  M.Inst.C.E., 
Resident  Engineer,  London  and  North-Western  Railway.  Illustrated  with 
Folding  Plates,  royal  8vo,  12s.  cloth. 

” Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason  ; and  the  observations 
on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates  will  be 
found  of  considerable  use.  We  commend  the  book  to  the  engineering  profession." — Building  News. 

“ Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save  much  time 
and  obviate  many  mistakes." — Colliery  Guardian. 

Girders,  Strength  of. 

GRAPHIC  TABLE  FOR  FACILITATING  THE  COMPUTA- 
TION OF  THE  WEIGHTS  OF  WROUGHT  IRON  AND  STEEL 
GIRDERS,  etc.,  for  Parliamentary  and  other  Estimates.  By  J.  H.  Watson 
Buck,  M.Inst.C.E.  On  a Sheet,  2 s.6d. 
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River  Engineering . . 

RIVER  BARS:  The  Causes  of  their  Formation,  and  their  Treat- 
ment by  “ Induced  Tidal  Scour;  ” with  a Description  of  the  Successful  Re- 
duction by  this  Method  of  the  Bar  at  Dublin.  By  A.  J.  Mann,  Assist.  Bug. 
to  the  Dublin  Port  and  Docks  Board.  Royal  8vo,  7s.  G d.  cloth. 

“ We  recommend  all  interested  in  harbour  works— and,  indeed,  those  concerned  in  the  im- 
provements of  rivers  generally— to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river 
bars." — Engineer. 

Trusses. 

TRUSSES  OF  WOOD  AND  IRON.  Practical  Applications  of 

Science  in  Determining  the  Stresses,  Breaking  Weights,  Safe  Loads,  Scantlings, 
and  Details  of  Construction,  with  Complete  Working  Drawings.  By  William 
Griffiths,  Surveyor,  Assistant  Master.  Tranmere  School  of  Science  and 
Art.  Oblong  8vo,  4s.  6 d.  cloth. 

This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  construction 
roof  trusses,  that  no  student  need  be  ignorant  of  these  matters.’’— Practical  Engineer. 

Railway  Working. 

SAFE  RAILWAY  WORKING.  A Treatise  on  Railway  Acci- 
dents: Their  Cause  and  Prevention ; with  a Description  of  Modern  Appliances 
and  Systems.  By  Clement  E.  Stretton,  C.E.,  Vice-President  and  Con- 
sulting Engineer,  Amalgamated  Society  of  Railway  Servants.  With  Illus- 
trations and  Coloured  Plates,  crown  8vo,  4s.  6 d.  strongly  bound. 

“ A book  for  the  engineer,  the  directors,  the  managers ; and,  in  short,  all  who  wish  for  informa- 
tion on  railway  matters  will  find  a perfect  encyclopedia  in  ‘ Safe  Railway  Working.'  "—Railway 

Rev\e, commend  the  remarks  on  railway  signalling  to  all  railway  managers,  especially  where  a 
uniform  code  and  practice  is  advocated." — Herefath's  Railway  Journal. 

“The  author  maybe  congratulated  on  having  collected,  in  a very  convenient  form,  much 
valuable  information  on  the  principal  questious  affecting  the  safe  working  of  railways.’’— Rail- 
•way  Engineer. 

Field-Rook  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  AND  CON- 
TRACTOR’S FIELD-BOOK.  Consisting  of  a Series  of  Tables,  with  Rules, 
Explanations  of  Systems,  and  use  of  Theodolite  for  Traverse  Surveying  and 
Plotting  the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only  ; Levelling  with  the  Theodolite,  Casting-out  and  Reducing 
Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary  manner;  setting-out 
Curves  with  the  Theodolite  by  Tangential  Angles  and  Multiples,  with  Right 
and  Left-hand  Readings  of  the  Instrument:  Setting-out  Curves  without 
Theodolite,  on  the  System  of  Tangential  Angles  by  sets  of  Tangents  and  Off- 
sets : and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6 inches  in 
depth.  By  W.  Davis  Haskoll,  C.E.  With  numerous  Woodcuts.  Fourth 
Edition,  Enlarged.  Crown  8vo,  12s.  cloth. 

‘The  book  is  very  handy;  the  separate  tables  of  sines  and  tangents  to  every  minute  will  make 
it  useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same.” — Athenceum 
“Every  person  engaged  in  engineering  field  operations  will  estimate  the  importance  ot  such  a 
work  and  tire  amount  of  valuable  tune  which  will  be  saved  by  reference  to  a set  of  reliable  tables 
prepared  with  the  accuracy  and  fulness  of  those  given  in  this  volume.”— Railway  News. 

Earthwork,  Measurement  of. 

A MANUAL  ON  EARTHWORK.  By  Alex.  J.  S.  Graham, 

C.E.  With  numerous  Diagrams.  i8mo,  2 s.  6 d.  cloth. 

“ A great  amount  of  practical  information,  very  admirably  arranged,  and  available  for  rough 
estimates,  as  well  as  for  the  more  exact  calculations  required  in  the  engineer’s  and  contractor  s 
offices." — Artizan. 

Strains  in  Ironwork. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK ; with 
Practical  Remarks  on  Iron  Construction.  By  F.  W.  Sheilds,  M. Inst, C.E. 
Second  Edition,  with  5 Plates.  Royal  8vo,  5 s.  cloth. 

“The  student  cannot  find  a better  little  book  on  this  subject.’’— Engineer. 

Cast  Iron  and  other  Metals,  Strength  of. 

A PRACTICAL  ESSAY  ON  THE  STRENGTH  OF  CAST 
IRON  AND  OTHER  METALS.  By  Thomas  Tredgold,  C.E.  Fifth 
Edition,  including  Hodgkinson’s  Experimental  Researches.  8vo,  12s.  cloth. 
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ARCHITECTURE,  BUILDING,  etc. 
Construction . 

THE  SCIENCE  OF  BUILDING  : An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A.,  Architect. 
Second  Edition,  Revised,  with  58  Engravings.  Crown  8vo,  7s.  6d.  cloth. 

“ A very  valuable  book,  which  we  strongly  recommend  to  all  students.”— Builder. 

"No  architectural  student  should  be  without  this  handbook  of  constructional  knowledge.”— 
Architect. 

Villa  Architecture. 

A HANDY  BOOK  OF  VILLA  ARCHITECTURE  : Being  a 

Series  of  Designs  for  Villa  Residences  in  various  Styles.  With  Outline 
Specifications  and  Estimates.  By  C.  Wickes,  Architect,  Author  of  “The 
Spires  and  Towers  of  England,”  &c.  61  Plates,  4to,  £1  ns.  6d.  half-morocco, 
gilt  edges. 

“ The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic  architect,  and 
they  will  prove  very  valuable  and  suggestive." — Building  News. 

Text-Book  for  Architects. 

THE  ARCHITECT’S  GUIDE:  Being  a Text-Book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors,  Clerks  of 
Works,  &c.  &c.  By  Frederick  Rogers,  Architect,  Author  of  “ Specifica- 
tions for  Practical  Architecture,”  &c.  Second  Edition,  Revised  and  Enlarged. 
With  numerous  Illustrations.  Crown  8vo,  6s.  doth. 

" As  a text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it  would  be 
hard  to  find  a handier  or  more  complete  little  volume.” — Standard. 

“A  young  architect  could  hardly  have  a better  guide-book." — Timber  Trades  Journal. 

Taylor  and  Cresy9  s Home. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  Taylor,  Esq.,  F.R.I.B.A.,  and  Edward  Cresy,  Esq.  New 
Edition,  thoroughly  Revised  hy  the  Rev.  Alexander  Taylor,  M.A.  (son  oi 
the  late  G.  L.  Taylor,  Esq.),  Fellow  of  Queen’s  College,  Oxford,  and  Chap- 
lain of  Gray’s  Inn.  Large  folio,  with  13c  Plates,  half-bound,  £3  3s. 

N.B. — This  is  the  only  book  which  gives  on  a large  scale,  and  with  the  precision 
of  architectural  measurement,  the  principal  Monuments  of  Ancient  Rome  in  plan, 
elevation,  and  detail. 

“Taylor  and  Cresy 's  work  has  from  its  first  publication  been  ranked  among  those  professional 
books  which  cannot  be  bettered.  . . . It  would  be  difficult  to  find  examples  of  drawings,  even 
among  those  of  the  most  painstaking  students  of  Gothic,  more  thoroughly  worked  out  than  are  the 
one  hundred  and  thirty  plates  in  this  volume.” — Architect. 

Architectural  Drawing. 

PRACTICAL  RULES  ON  DRAWING,  for  the  Operative  Builder 

and  Young  Student  in  Architecture.  By  George  Pyne.  With  14  Plates,  4to, 

7 s.  6 d.  boards. 

Civil  Architecture. 

THE  DECORATIVE  PART  OF  CIVIL  ARCHITECTURE. 

By  Sir  William  Chambers,  F.R.S.  With  Illustrations,  Notes,  and  an 
Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A.  Edited  by 
W.  H.  Leeds.  66  Plates,  qto,  21s.  cloth. 

House  Building  and  Repairing. 

THE  HOUSE-OWNER'S  ESTIMATOR  ; or,  What  will  it  Cost 
to  Build,  Alter,  or  Repair?  A Price  Book  adapted  to  the  Use  of  Unpro- 
fessional People,  as  well  as  for  the  Architectural  Surveyor  and  Builder.  By 
Tames  D.  Simon,  A.R.I.B.A.  Edited  and  Revised  by  Francis  T.  W.  Miller, 
A.R.I.B.A.  With  numerous  Illustrations.  Fourth  Edition,  Revised.  Crown 
8vo,  3s.  6 d.  cloth.  [Jks/  published. 

" In  two  years  it  will  repay  its  cost  a hundred  times  over” — Field. 

" A very  handy  book." — English  Mechanic. 
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Designing , Measuring,  and  Valuing. 

THE  STUDENT’S  GUIDE  to  the  PRACTICE  of  MEASUR- 
ING AND  VALUING  ARTIFICERS’  WORKS.  Containing  Directions  for 
taking  Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into 
Bill,  with  Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calcula- 
. tion  of  Areas  and  Solidities.  Originally  edited  by  Edward  Dobson , Architect. 
Revised,  with  considerable  Additions  on  Mensuration  and  Construction,  and 
a New  Chapter  on  Dilapidations,  Repairs,  and  Contracts,  by  E.  Wyndham 
Tarn,  M.A.  Sixth  Edition,  including  a Complete  Form  of  a Bill  of  Quantities. 
With  8 Plates  and  63  Woodcuts.  Crown  8vo,  ys.  6 d.  cloth.  [jMsf  published. 
“ Well  fulfils  the  promise  of  its  title-page,  and  we  can  thoroughly  recommend  it  to  the  class 
for  whose  use  it  has  been  compiled.  Mr.  Tarn’s  additions  and  revisions  have  much  increased  the 
usefulness  of  the  work,  and  have  especially  augmented  its  value  to  students.” — Engineering. 

“This  edition  will  be  found  the  most  complete  tieatise  on  the  principles  of  measuring  and 
valuing  artificers’  work  that  has  yet  been  published.” — Building  News, 

Pocket  Estimator  and  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE,  MEASURER  AND 
ESTIMATOR  FOR  BUILDERS  AND  SURVEYORS.  Containing  Tech- 
nical Directions  for  Measuring  Work  in  all  the  Building  Trades,  with  a 
Treatise  on  the  Measurement  of  Timber  and  Complete  Specifications  for 
Houses,  Roads,  and  Drains,  and  an  easy  Method  of  Estimating  the  various 
parts  of  a Building  collectively.  By  A.  C.  Beaton,  Author  of  “ Quantities 
and  Measurements,”  &c.  Fifth  Edition,  carefully  Revised  and  Priced 
according  to  the  Present  Value  of  Materials  and  Labour,  with  53  Woodcuts, 
leather,  waistcoat-pocket  size,  is.  6 cl.  gilt  edges.  [Just  published. 

“ No  builder,  architect,  surveyor,  or  valuer  should  be  without  his  ' Beaton.’  ’ — Building  A cius. 
“ Contains  an  extraordinary  amount  of  information,  in  daily  requisition  in  measuring  and 
estimating.  Its  presence  in  the  pocket  will  save  valuable  time  and  trouble.” — Building  It  or  Id. 

Donaldson  on  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS ; or,  Practical 

Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing  up 
Specifications  and  Contracts  for  Works  and  Constructions.  Illustrated  by 
Precedents  of  Buildings  actually  executed  by  eminent  Architects  and  En- 
gineers. By  Professor  T.  L.  Donaldson,  P.R.I.B.A.,  &c.  New  Edition,  in 
One  large  Vol.,  8vo,  with  upwards  of  1,000  pages  of  Text,  and  33  Plates, 
£1 1 is.  5d.  cloth. 

"In  this  work  forty-four  specifications  of  executed  works  are  given,  Including  the  specifica- 
tions for  parts  of  the  new  Houses  of  Parliament,  by  Sir  Charles  Barry,  and  for  the  new  Royal 
Exchange,  by  Mr.  Tite,  M.P.  The  latter,  in  particular,  is  a very  complete  and  remarkable 
document.  It  embodies,  to  a great  extent,  as  Mr.  Donaldson  mentions,  ‘the  bill  of  quantities 
with  the  description  of  the  works.’  . . . It  is  valuable  as  a record,  and  more  valuable  still  as  a 
book  of  precedents.  . . . Suffice  it  to  say  that  Donaldson’s  'Handbook  of  Specifications' 
must  be  bought  by  all  architects.” — Builder. 

Bartholomew  and  Rogers’  Specifications. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 

A Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  With  an  Essay 
on  the  Structure  and  Science  of  Modern  Buildings.  Upon  the  Basis  of  the 
Work  by  Alfred  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly 
added  to  by  Frederick  Rogers,  Architect.  Second  Edition,  Revised,  with 
Additions.  With  numerous  Illustrations,  medium  8vo,  15s.  cloth. 

“ The  collection  of  specifications  prepared  by  Mr.  Rogers  on  the  basis  of  Bartholomew’s  work 
Is  too  well  known  to  need  any  recommendation  from  us.  It  is  one  of  the  books  with  which  every 
young  architect  must  be  equipped  ; for  time  has  shown  that  the  specifications  cannot  be  set  aside 
through  any  defect  in  them.'' — Architect. 

“ Good  forms  for  specifications  are  of  considerable  value,  and  it  was  an  excellent  Idea  to  com- 
pile a work  on  the  subject  upon  the  basis  of  the  late  Alfred  Bartholomew’s  valuable  work.  The 
second  edition  of  Mr.  Rogers's  book  is  evidence  of  the  want  of  a book  dealing  with  modern  re- 
quirements and  materials.” — Building  News. 

Building  ; Civil  and  Ecclesiastical. 

A BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 
Church  Restoration  ; with  the  Theory  of  Domes  and  the  Great  Pyramid,  &c. 
By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  F.R. A. S.,  Author  of  “Clocks  and 
Watches,  and  Bells,”  &c.  Second  Edition,  Enlarged.  Fcap.  8vo,  5s.  cloth. 

“A  book  which  is  always  amusing  and  nearly  always  instructive.  The  style  throughout  is  in 
the  highest  degree  condensed  and  epigrammatic.”  — Times. 
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Geometry  for  the  Architect , Engineer , etc. 

furh%TICr-L-  G*OMETRY,  for  the  Architect , Engineer  and 
.^ymg  es  for  tbe  Delineation  and  Application  of  various 
Ceometncal  Lines,  Figures  and  Curves,  By  E.  W.  Tarn,  M A Architect 

d!rp«°on  fTVThe  Scie?%e  °?  Building,”  &c.  Second  Edition.  With  Appen- 
tradLs?d?mf8vo,S9°s^ ■ cloth"5  lsometrical  Projection.  With  172  Illus- 

;l;sf  of  ,h° 

The  Science  of  Geometry. 

T//ZT  GEOMETRY  OF  COMPASSES ; or,  Problems  Resolved 

D^scnPUo’1  °f  Circles,  and  the  use  of  Coloured  Diagrams  and 
Symbols.  By  Oliver  Byrne.  Coloured  Plates.  Crown  8vo,  3s.  6 d.  cloth 
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JFoods  and  Marbles  (Imitation  of). 

Sa CJn°i?h 1 NJ ING  F0R  THE  IMITATION  OF  WOODS 

Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio, 
pA  b>  I2^  1H.-’.Illustrat.ed  with  24  full-size  Coloured  Plates;  also  12  plain 
Plates,  comprising  154  Figures.  Second  and  Cheaper  Edition.  Price  £1  ns.6d. 

List  of  Plates. 

Finished  Specimen — 19.  Mahogany:  Specimens 
of  various  Grains  and  Methods  of  Manipulation 
—20,  ax.  Mahogany : Earlier  Stages  and  Finished 
Specimen— 22,  23,  24.  Sienna  Marble : Varieties 
of  Gram,  Preliminary  Stages  and  Finished 
Specimen — 25,  26.  27.  Juniper  Wood:  Methods 
of  producing  Grain,  &o.:  Preliminary  Stages 
and  Finished  Specimen— 28,  29,  30.  Vert  de 
Mer  Marble : Varieties  of  Grain  and  Methods 
of  Working  Unfinished  and  Finished  Speci- 
mens—3r.  32.  33.  Oak  : Varieties  of  Grain,  Tools 
Employed,  and  Methods  of  Manipulation,  Pre- 
liminary Stages  and  Finished  Specimen— 34,  35, 
36.  Waulsort  Marble:  Varieties  of  Grain,  Un- 
finished and  Finished  Specimens. 


i.  Various  Tools  required  for  Wood  Painting 
—2,  3.  Walnut:  Preliminary  Stages  of  Graining 
and  Finished  Specimen  — 4.  Tools  used  for 
Marble  Painting  and  Method  of  Manipulation— 
S,  6.  St.  Remi  Marble:  Earlier  Operations  and 
Finished  Specimen— 7.  Methods  of  Sketching 
different  Grains,  Knots,  &c. — 8,  9.  Ash:  Pre- 
liminary Stages  and  Finished  Specimen— 10. 
Methods  of  Sketching  Marble  Grains — n,  13. 
Breche  Marble:  Preliminary  Stages  of  Working 
and  Finished  Specimen— 13.  Maple:  Methods 
of  Producing  the  different  Grains— 14,  15.  Bird’s- 
eye  Maple:  Preliminary  Stages  and  Finished 
Specimen— 16.  Methods  of  Sketching  the  dif- 
ferent Species  of  White  Marble — 17,  18.  White 
Marble:  Preliminary  Stages  of  Process  and 


***  Opinions  of  the  Press. 

“ Those  who  desire  to  attain  skill  in  the  art  of  painting  woods  and  marbles  will  find  advantage 
In  consulting  this  book.  . . . Some  of  the  Working  Men’s  Clubs  should  give  their  young  men 
the  opportunity  to  study  it.  — Builder.  * s 

“ A comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation  and 
management  of  the  colours,  and  the  beautifully  executed  plates  will  not  be  the  least  valuable  to  the 
student  who  aims  at  making  his  work  a faithful  transcript  of  nature.” — Building  News. 

Students  and  novices  are  fortunate  who  are  able  to  become  the  possessors  of  so  noble  a 
work.  — Architect . 1 

House  Decoration. 

ELEMENTARY  DECORATION . A Guide  to  the  Simpler 

Forms  of  Everyday  Art,  as  applied  to  the  Interior  and  Exterior  Decoration  of 
Dwelling  Houses,  &c  By  James  W.  Facey,  Jun.  With  68  Cuts.  i2mo,  2 s. 
cloth  limp.  ’ 

‘ As  a technical  guide-book  to  the  decorative  painter  it  will  be  found  reliable.”— Building  News, 

PRACTICAL  HOUSE  DECOR  AT  ION  ; A Guide  to  the  Art  of 
Ornamental  Painting,  the  Arrangement  of  Colours  in  Apartments,  and  the 
principles  of  Decorative  Design.  With  some  Remarks  upon  the  Nature  and 
I roperties  of  Pigments.  By  James  William  Facey,  Author  of  " Elementary 
Decoration,  * &c.  With  numerous  Illustrations.  121110,  2 s.  6d.  cloth  limp. 
N-B.  The  above  Two  Works  together  in  One  Vol,,  strongly  half-bound , 55. 
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Colour. 

A GRAMMAR  Oh  COLOURING . Applied  to  Decorative 

Painting  and  the  Arts.  By  George  Field.  New  Edition,  Revised,  Enlarged, 
and  adapted  to  the  use  of  the  Ornamental  Painter  and  Designer.  By  Ellis 

ci  o thboar  ds* ' NeW  Coloured  Dia§rams  and  Engravings.  i2mo,  3s.  6d. 

"The  book  is  a most  useful  resume  of  the  properties  of  pigments." — Builder, 

House  Painting,  Graining,  etc. 

VrS,FU PA INTI N G ' COINING,  MARBLING,  AND  SIGN 
AjPniaC.tica*  Ida"ual  By  Ellis  A.  Davidson.  Fifth  Edition. 
With  Colouied  Plates  and  Wood  Engravings.  121110,  6s.  cloth  boards. 

Afeiha,™SS  °f  lnformatlon>  of  use  10  the  amateur  and  of  value  to  the  practical  man."— English 

able'to'the  *°  th.e.  youn?ste,r  entering  upon  this  particular  calling,  and  highly  service- 

aoie  to  the  man  who  is  practising  it/  '—Furniture  Gazette.  3 

Decorators,  Receipts  for. 

THE  DECORATOR'S  ASSISTANT:  A Modern  Guide  to  De- 
corative Artists  and  Amateurs,  Painters,  Wiiters,  Gilders,  &c.  Containing 
tiorTfrL  ®00,^®ceiPts>  Rules  and  Instructions  ; with  a variety  of  Informal 

Dec  ora  t io  n s ® & c Thir/wr'^V1'-11  7^  Class  of  Ulterior  mid  Exterior 
decorations,  & c.  Third  Edition,  Revised.  152  pp.,  crown  Bvo,  is.  in  wrapper. 

run  ot  receipts  of  value  to  decorators,  painters,  gilders,  &c.  The  book  mntainc 
tion  .'-Sw  oZra^°  ““  "'h°'  Whether  for  pleasure  or  profit-  reV'ire  a guide  to  decora- 

Moyr  Smith  on  Interior  Decoration. 

ORNAMENTAL  INTERIORS,  ANCIENT  AND  MODERN 

By  J Moyr  Smith.  Super-royal  8vo,  with  32  full-page  Plates  and  nureerou  1 
smaller  Illustrations,  handsomely  bound  in  cloth,  gilt  top,  price  iSs. 

v hi  “Ornamental  Interiors”  the  designs  of  more  than  thirty  nrti.t 

decoratots  and  architects  of  high  standing  have  been  illustrated  The  book  may 
nh/Zi°nrJton  yh  to.S}ve  a Sood  general  view  of  the  works  of  the  modern  school 
meats  ’ beSUUS  gWlng  characteristlc  examples  of  earlier  decorative  arrange- 

srl 

„x.  . 1-  • „ V Opinions  of  the  Press. 

*ood  W e«'nP^o”d?c°^  so,nc  true  criticism  and  a 

„ Well  fitted  for  the  dilettante,  amateur,  and  professional  designer  "—Deenr. %/ 

This  is  the  most  elaborate,  and  beautiful  work  on  the  mtfstic dfrZ?,-' cora'l?’‘-  . 
have  seen.  . . . t he  scrolls,  panels  and  other  designs  ft™  5i,;7  f °?  of  "'tenors  that  we 
beautiful  and  chaste  ; but  he  takes  care  that  the  designs  of  olhel  men  shan°fim°Wn  pen  are  ver-v 
his  own.  — Liverpool  Albion.  **  oiner  men  shall  figure  even  more  than 

welcome0."^?  3U  i,KCreSt  in  dab0rate  domest!c  °™nient  this  handsome  volume  will  be 

book'th^  ^ems^eminentfy  *adapt'*dtto  *^0°!,  3by  ^xanf^e^d'^irewDt3  thdtW'tl‘d'  their  rea<*  a 

most  craftsmen  stand  in  need  ."—Furniture  Gazette.  P ° precept’  that  guidance  of  wliich 

British  and  Foreign  Marbles. 

MARBLE  DECORA  TION  and  the  Terminology  of  British  and 

ttll.  M.  Sri"8  “d  i,S  Ac.  With* Z\ZZ  "ontcTdl 

™>«C  taecco*  should  h,  to  ,to,  hands  of 
Xevtot.*  30  eXCeU£nt  manUal  for  students-  and  interesting  ,0  artistic  readers  generally 

MniTlTjT  US/fU’,y  WriUen  eatiSe  : the  WOrk  “ eSSCntinUy  ptuctical.”-^wa„. 

JMaible  Working,  etc. 

MARBLE  AND  MARBLE  WORKERS  • A WnndK  1 r 
Architects,  Artists,  Masons  and  Students  By  Arthur  r tr  ilc^J)0okf  fot 
Visit  to  Carrara,”  ” The  Working  of  Marble.  *7 JHV„  Lee’  Author  of  “ A 

A — ** — «•  “o  .«J2S 
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DELAMOTTE'S  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 


A PRIMER  OF  THE  ART  OF  ILLUMINATION,  for  the  Use  of 

Beginners  : with  a Rudimentary  Treatise  on  the  Art,  Practical  Directions  for 
its  exercise,  and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and 
Colours.  By  F.  Delamotte.  New  and  Cheaper  Edition.  Small  4to,  6s.  orna- 
mental boards. 

“The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense, 
the  author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge, 
»s  well  as  tast a."—Alhenceum. 

ORNAMENTAL  ALPHABETS , Ancient  and.  Medieval,  from  the 
Eighth  Century,  with  Numerals;  including  Gothic,  Church-Text,  large  and 
small,  German,  Italian,  Arabesque,  Initials  for  Illumination,  Monograms, 
Crosses,  &c.  &c.,  for  the  use  of  Architectural  and  Engineering  Draughtsmen, 
Missal  Painters,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c.  &c.  Collected  and  Engraved  by  F.  Delamotte,  and  printed  in 
Colours.  New  and  Cheaper  Edition.  Royal  8vo,  oblong,  2s.  6 d.  ornamental 
boards. 

“For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends  over 
shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be  use- 
ful.' —Athenaum. 

EXAMPLES  OF  MODERN  ALPHABETS,  Plain  and  Ornamental ; 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Sur- 
veyors. Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers,  &c. 
Coilected  and  Engraved  by  F.  Delamotte,  and  printed  in  Colours.  New 
and  Cheaper  Edition.  Royal  8vo,  oblong,  2S.  6 d.  ornamental  boards. 

“There  Is  comprised  in  it  every  possible  shape  into  wljich  the  letters  of  the  alphabet  and 
numerals  can  be  formed,  and  the  talent  which  has  been  expended  in  the  conception  of  the  various 
plain  and  ornamental  letters  is  wonderful.” — Standard. 

MEDIAEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  G.  Delamotte.  Containing  21  Plates  and  Illuminated 
Title,  printed  in  Gold  and  Colours,  With  an  Introduction  by  J.  Willis 
Brooks.  Fourth  and  Cheaper  Edition.  Small  4to,  4s.  ornamental  boards. 

“ A volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all  the  colours 
of  the  prism  interwoven  and  intertwined  and  intermingled.” — Sun. 

THE  EMBROIDERER’S  BOOK  OF  DESIGN.  Containing 

Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical 
Devices,  Mediaeval  and  Modern  Alphabets,  and  National  Emblems.  Col- 
lected by  F.  Delamotte,  and  printed  in  Colours.  Oblong  royal  8vo,  is.  6 d. 
ornamental  wrapper. 

“ The  book  will  be  of  great  assistance  to  ladles  and  young  children  who  are  endowed  with  the 
art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  work.” — East  Anglian  Times. 


Wood  Carving. 

INSTRUCTIONS  IN  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A Lady.  With  Ten  large  Plates,  2s.  6 d.  in  emblematic 
wrapper. 

“ The  handicraft  of  the  wood-carver,  so  well  as  a book  can  impart  it,  may  be  learnt  from  ‘ A 
1-ady's  ’ publication." — Athcnceum. 

“ The  directions  given  are  plain  and  easily  understood."— English  Mechanic. 

Glass  Painting. 

GLASS  STAINING  AND  THE  ART  OF  PAINTING  ON 
GLASS.  From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  Fromberg. 
With  an  Appendix  on  The  Art  of  Enamelling.  i2mo,  2s.  6d.  cloth  limp. 

Letter  Painting. 

THE  ART  OF  LETTER  PAINTING  MADE  EASY.  By 
James  Greig  Badenoch.  With  12  full-page  Engravings  of  Examples,  is.  6 d. 
cloth  limp. 

“ The  system  is  a simple  one,  but  quite  original,  and  well  worth  the  careful  attention  of  lett  t 
painters.  It  can  be  easily  mastered  and  remembered." — Building  News. 
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CARPENTRY,  TIMBER,  etc. 

Tredgold’s  Carpentry,  Enlarged  by  Tarn. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 
A Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resist- 
ance of  Timber,  and  the  Construction  of  1'loors,  Arches,  Bridges,  Rools, 
Uniting  Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay 
on  the  Nature  and  Properties  ot  Timber,  See.,  with  Descriptions  of  the  lands 
of  Wood  used  in  Building;  also  numerous  Tables  of  the  Scantlings  of  Tim- 
ber for  different  purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas 
Tredgold,  C.E,  With  an  Appendix  of  Specimens  of  \rarious  Roofs  of  Iron 
and  Stone,  Illustrated.  Seventh  Edition,  thoroughly  revised  and  considerably 
enlarged  by  E.  Wyndham  Tarn,  M.A.,  Author  of  “The  Science  of  Build- 
ing," Sec.  With  61  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In 
one  large  vol.,  4to,  price  £i  5s.  cloth. 

“Ought  to  be  in  every  architect’s  and  every  builder’s  library.” — Builder. 

“ A work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  is  con- 
cerned. The  author’s  principles  are  rather  confirmed  than  impaired  by  time.  The  additional 
plates  are  of  great  intrinsic  value.” — Building  News. 

Wood  working  Mach  i nery. 

WOODWORKING  MACHINERY  : Its  Rise,  Progress,  and  Con- 
struction. With  Hints  on  the  Management  of  Saw  Mills  and  the  Economical 
Conversion  of  Timber.  Illustrated  with  Examples  of  Recent  Designs  by 
leading  English,  French,  and  American  Engineers.  By  M.  Powis  Bale, 
A.M.lnst.C.E.,M.I.M.E.  Large  crown  8vo,  12s.  6 d.  cloth. 

“Mr.  Bale  is  evidently  an  expert  on  the  subject  and  he  has  collected  so  much  Information  that 
his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  conversion  of  timber.”— Architect. 

“The  most  comprehensive  compendium  of  wood-working  machinery  we  have  seen.  The 
author  is  a thorough  master  of  his  subject.” — Building  News. 

“ The  appearance  of  this  book  at  the  present  time  will,  we  should  think,  give  a considerable 
Impetus  to  the  onward  march  of  the  machinist  engaged  in  the  designing  and  manufacture  of 
wood- working  machines.  It  should  be  in  the  office  of  every  wood- working  factory.  English 
Mechanic. 

Saw  Mills. 

SAW  MILLS:  Their  Arrangement  and  Management,  and  the 

Economical  Conversion  of  Timber.  (A  Companion  Volume  to  “ Woodworking 
Machinery.”)  By  M.  Powis  Bale.  With  numerous  Illustrations.  Crown 
8vo,  105.  6d.  cloth. 

“ The  administration  of  a large  sawing  establishment  is  discussed,  and  the  subject  examined 
from  a financial  standpoint.  Hence  the  size,  shape,  order,  and  disposition  of  saw  mills  and  the 
like  are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its 
delivery'  in  its  converted  state.  We  could  not  desire  a more  complete  or  practical  treatise.” — 
Builder . 

“We  highly  recommend  Mr.  Bale’s  work  to  the  attention  and  perusal  of  all  those  who  are  en* 
gaged  in  the  art  of  wood  conversion,  or  who  are  about  building  or  remodelling  saw-mills  on  im- 
proved principl es”— Building  News. 

Carpentering. 

THE  CARPENTER’S  NEW  GUIDE  ; or,  Book  of  Lines  for  Car- 
penters ; comprising  all  the  Elementary  Principles  essential  for  acquiring  a 
knowledge  of  Carpentry.  Founded  on  the  late  Peter  Nicholson’s  Standard 
Work.  A New  Edition,  Revised  by  Arthur  Ashpitel,  F.S.A.  Together 
with  Practical  Rules  on  Drawing,  by  George  Pynb.  With  74  Plates, 
4to,  £1  is.  cloth. 

Handrailing. 

A PRACTICAL  TREATISE  ON  HANDRAILING  : Showing 

New  and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing  the 
Moulds,  Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  George 
Collings.  Illustrated  with  Plates  and  Diagrams.  i2mo,  is.  6 d.  cloth  limp. 
“Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of  joinery.” — Builder. 
“ Almost  every  difficult  phase  of  this  somewhat  intricate  branch  of  joinery  is  elucidated  by  the 
aid  of  plates  and  explanatory  letterpress.” — Furniture  Gazette. 

Circular  Work. 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY:  A 
Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.  By 
George  Collings,  Author  of  “ A Practical  Treatise  on  Handrailing.”  Ulus- 
, trated  with  numerous  Diagrams,  nmo,  2s.  6 d.  cloth  limp. 

“ An  excellent  example  of  what  a book  of  this  kind  should  be.  Cheap  in  price,  clear  in  defini- 
tion and  practical  in  the  examples  selected,”— Builder. 
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Timber  Merchant’s  Companion . 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM 
PAN  ION.  Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and* 
Measuremen  of  Deals  and  Battens,  of  all  sizes,  from  One  to  a Sand 
Pieces,  and  the  relative  Price  that  each  size  bears  per  Lineal  Foot  to  auv 
given  Price  per  Petersburg  Standard  Hundred  ; the  Price  per  Cube  Foot  of 

V^hfent  nlbr  t0/Sy  Fveni  Pr,icecPer  Load  of  so  Feet;  thf  propordonate 
Value  of  Deals  and  Battens  by  the  Standard,  to  Square  Timber  bv  the  I oad 

lineal  Fen:f‘  fe  readl-eSt  ™ode  of  ^mining  the  Price  of  Scantling  pe^ 
Lineal  Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot  &c  &c  8 Rv 

•*FVerLInAM  POWSIN9-  Fourth  Edition,  Revised  and  Corrected.  ’Cr’8vo  as  cf 

Everything  is  as  concise  and  clear  ?s  It  can  possibly  be  made  There  ran  hZ  ™ a ' i'.'.u' 
every  timber  merchant  and  builder  ought  to  possess  it  ."--Hull  Advertiser  ™ °e  n°  dout,t  thiit 

Simplicity  of  arrangement  leave  notnhing  Vo  be°Lsired.  "—nmher  ^rade^youmml  COrTectness  and 
or  sell‘ a“d  C°nC1Se  manUal  °f  tables  for ‘the  use  of  all  who  buy 


Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT.  Being  a Guide 
of  Pudding  Contractors,  Surveyors,  Builders,  &c.,  comprising 
w6f  i^b  eS  f°r  ea  PurP°ses  connected  with  the  Timber  Trade  Marks  of 
Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of  Timber 
&c.  By  W.  Richardson.  Fcap.  8vo,  3s.  6d.  cloth.  1 

,11  ‘;Contams  m.ucJ1  valuable  information  for  the  use  of  timber  merchants. builders  foresters  and 
aU  others  connected  with  the  growth,  sale,  and  manufacture  of  timber .’ -7ouruai  0}  Ecresirv 

Timber  Freight  Booh . 

THE  TIMBER  MERCHANTS.  SAW  MILLER'S  AND 
IMPORTER'S  FREIGHT  BOOK  AND  ASSISTANT.  Comprising  Rules 
Tables,  and  Memoranda  relating  to  the  Timber  Trade.  By  William 
Richardson,  Timber  Broker;  together  with  a Chapter  on  “Speeds  of  Saw 
Mill  Machinery  “ by  M.  Povvis  Bale,  M.I.M.E.,  &c.  i2mo,  3s.  6 d.  cl.  board! 
A very  useful  manual  of  rules,  tables,  and  memoranda  relating  to  the  timber  trade  We  re' 
commend  it  as  a compendium  of  calculation  to  all  timber  measurers  and  merchants,  and  as  sudoIv’ 
Ing  a real  want  in  the  trade.  — Building  News.  . a ia  as  suppiy- 

Packing-Case  Makers , Tables  for. 

PACKING-CASE  TABLES ; showing  the  number  of  Super- 
ficial Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards 
By  W.  Richardson,  Timber  Broker.  Second  Edition.  Oblong  ato  as  6 d o’ 
"Invaluable  labour-saving  tables." — Ironmonger.  54  , 3 • U . Cl 

“Will  save  much  labour  and  calculation."— C-rocer. 


Superficial  Measurem ent. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT. Tables  calculated  from  1 to  200  inches  in  length,  by  1 to  108 
inches  in  breadth.  For  the  use  of  Architects,  Surveyors,  Engineers  Timber 
Merchants,  Builders,  &c.  By  James  Hawkings.  Third  Edition’  Fean 
3s.  6 d.  cloth.  ' F'* 

“ A useful  collection  of  tables  to  facilitate  rapid  calculation  of  surfaces.  The  exact  area  of  anv 
surface  of  which  the  limits  have  been  ascertained  can  be  instantly  determined.  The  book  will  be 
found  of  the  greatest  utility  to  all  engaged  in  building  ooerations." — Scotsman. 

“ These  tables  will  be  found  of  great  assistance  to  all  who  require  to  make  calculations  in  mner 
ficial  measurement." — English  Altchanic.  ~ ‘ 


Forestry. 

THE  ELEMENTS  OF  FORESTRY.  Designed  to  afford  In- 
formation  concerning  the  Planting  and  Care  of  Forest  Trees  for  Ornament  or 
Profit,  with  Suggestions  upon  the  Creation  and  Care  of  Woodlands.  By  F B 
Hough.  Large  crown  8vo,  10s.  cloth. 


Timber  Importer’s  Guide. 

THE  TIMBER  IMPORTER  'S.  TIMBER  MERCHA  NT'S  AND 
BUILDER'S  STANDARD  GUIDE.  By  Richard  E.  Grandy.  Compris- 
ing an  Analysis  of  Deal  Standards,  Home  and  Foreign,  with  Comparative 
Values  and  Tabular  Arrangements  for  fixing  Nett  Landed  Cost  on  Baltic 
and  North  American  Deals,  including  all  intermediate  Expenses,  Freight, 
Insurance,  &c.  &c.  Together  with  copious  Information  for  the  Retailer  and 
Builder.  Third  Edition,  Revised.  i2mo,  2s.  cloth  limp. 

••  Everything  it  pretends  to  be : built  up  gradually,  it  leads  one  from  a forest  to  a treenail,  and 
throws  in,  as  a makeweight,  a host  of  material  concerning  bricks,  columns,  cisterns,  be."— English 
Mechanic. 
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MARINE  ENGINEERING,  NAVIGATION,  etc. 

Chain  Cables. 

CHAIN  CABLES  AND  CHAINS.  Comprising  Sizes  and 

Curves  of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable  and 
Chain  Making,  Forming  and  Welding  Links,  Strength  of  Cables  and  Chains, 
Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain  Cables  and  Chains, 
Historical  Notes,  Acts  of  Parliament,  Statutory  Tests,  Charges  for  T^simg, 
List  of  Manufacturers  of  Cables,  &c.  &c.  By  Thomas  W.  1 raill,  I-.E.R.  N., 
M.Inst.  C.E.,  Engineer  Surveyor  in  Chief,  Board  of  Trade,  Inspector  of 
Chain  Cable  and  Anchor  Proving  Establishments,  and  General  Superin- 
tendent, Lloyd's  Committee  on  Proving  Establishments.  With  numerous 
Tables,  Illustrations  and  Lithographic  Drawings.  Folio,  £2  2s.  cloth. 

*'  It  contains  a vast  amount  of  valuable  information.  Nothing  seems  to  be  vantmg  to  make  it 
r complete  and  standard  work  of  reference  on  the  subject/’ — Nautical  Magazine. 

Marine  Engineering. 

MARINE  ENGINES  AND  STEAM  VESSELS  (A  Treatise 

on).  By  Robert  Murrav,  C.E.  Eighth  Edition,  thoroughly  Revised,  with 
considerable  Additions  by  the  Author  and  by  George  Carlisle,  C.E., 
Senior  Surveyor  to  the  Board  of  Trade  at  Liverpool.  i2mo,  5s,  cloth  boards. 

Well  adapted  to  give  th»  young  steamship  engineer  or  marine  engine  and  boiler  maker  a 
general  introduction  into  his  practical  work.” — Me  ha 'licit  IVorld. 

“ We  feel  sure  that  this  thoroughly  revised  edition  will  continue  to  be  as  popular  in  the  future 
as  it  has  been  in  the  past,  as  for  its  size,  it  contains  more  useful  information  than  any  similar 
treatise." — Industries. 

The  information  given  is  both  sound  and  sensible,  and  well  qualified  to  direct  young  sea- 
going hands  on  the  straight  road  to  the  extra  chief’s  certificate." — Glasgow  Herald. 

“An  indispensable  manual  for  the  student  of  marine  engineering." — Liverpool  Mercury. 

PocJcet-BooJc  for  Naval  Architects  and  Shipbuilders. 

THE  NAVAL  ARCHITECT’S  AND  SHIPBUILDER’S 

POCKET-BOOK  of  Formula, Rules, and  Tables, and  MARINE  ENGINEER’S 
AND  SURVEYOR'S  Handy  Book  of  Reference.  By  Clement  Magkrow, 
Member  of  the  Institution  of  Naval  Architects,  Naval  Draughtsman.  Third 
Edition,  Revised.  With  numerous  Diagrams,  &c.  Fcap,,  12s.  6d.  leather. 

“Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels.  . . . Will 
be  found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  carefully'  collected 
from  the  best  authorities,  and  put  together  in  a popular  and  simple  form." — Engineer . 

“ The  professional  shipbuilder  has  now,  in  a convenient  and  accessible  form,  reliable  data  for 
solving  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work." — Iron. 

“There  is  scarcely  a subject  on  which  a naval  architect  or  shipbuilder  can  require  to  refresh 
his  memory’  which  wil  Inot  be  found  within  the  covers  of  Mr.  Mackrow's  book." — English  Mechanic. 

Vocket-Boolc  for  Marine  Engineers. 

A rOCKET-BOOK  OF  USEFUL  TABLES  AND  FOR - 
MULAB  FOR  MARINE  ENGINEERS.  By  Frank  Proctor,  A.I.N.A, 
Third  Edition.  Royal  32100,  leather,  gilt  edges,  with  strap,  4s. 

"We  recommend  it  to  our  readers  as  going  far  to  supply  a long-felt  want."— Naval  Science. 

"A  most  useful  companion  to  all  marine  engineers." — United  Service  Gazette. 

Introduction  to  Marine  Engineering. 

ELEMENTARY  ENGINEERING  : A Manual  for  Young  Marine 
Engineers  and  Apprentices.  In  the  Form  of  Questions  and  Answers  on 
Metals,  Alloys,  Strength  of  Materials,  Construction  and  Management  of 
Marine  Engines,  &c.  &c.  With  an  Appendix  of  Useful  Tables.  By  J.  S. 
Brewer,  Government  Marine  Surveyor,  Hongkong.  Small  crown  8vo" 
as.  6d.  cloth.  published . 

“ Contains  much  valuable  information  for  the  class  for  whom  it  is  intended,  especially  in  the 
Chapters  on  the  management  of  boilers  and  engines." — Nautical  Magazine. 

' A useful  introduction  to  the  more  elaborate  text  books." — S ots man. 

“ To  a student  who  has  the  requisite  desire  and  resolve  to  attain  a thorough  knowledge  Mr 
Brewer  offers  decidedly  useful  help."— Athenaeum. 

Navigation. 

PRACTICAL  NAVIGATION.  Consisting  of  The  Sailor’s 
Sea-Book,  by  James  Greenwood  and  W.  H.  Rosser;  together  with  the 
requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems 
Py  Henry  Law,  C.E. , and  Professor  J.  R.  Young.  Illustrated.  121110  7s' 
srongly  half-bound.  11  ’ 
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MINING  AND  MINING  INDUSTRIES. 


Metalliferous  Mining. 

BRITISH  MINING  : A Treatise  on  the  History  .Discovery  .Practical 

Development,  and  Future  Prospects  of  Metalliferous  Mines  in  the  United  King- 
dom. By  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records;  Editor  of 
“ Ure’s  Dictionary  of  Arts,  Manufactures,  and  Mines,”  &c.  Upwards  of  950 
pp.,  with  230  Illustrations.  Second  Edition,  Revised.  Super-royal  8vo, 
£2  25.  cloth. 

“ One  of  the  most  valuable  works  of  reference  of  modern  times.  Mr.  Hunt,  as  keeper  of  mining 
records  of  the  United  Kingdom,  has  had  opportunities  for  such  a task  not  enjoyed  by  anyone  else, 
and  has  evidently  made  the  most  of  them.  . . . The  language  and  style  adopted  are  good,  and 
the  treatment  of  the  various  subjects  laborious,  conscientious,  and  scientific." — Engineering. 

“The  book  is,  in  fact,  a treasure-house  of  statistical  information  on  mining  subjects,  and  we 
know  of  no  other  work  embodying  so  great  a mass  of  matter  of  this  kind.  Were  this  the  only 
merit  of  Mr.  Hunt  s volume,  it  would  Be  sufficient  to  render  it  indispensable  in  the  library  of 
everyone  interested  in  the  development  of  the  mining  and  metallurgical  industries  of  the  country." 
— A ehenceum, . 

“A  mass  of  information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  may 
be  interested  in  our  great  mineral  industries.” — Engineer. 

“ A sound,  business-like  collection  of  interesting  facts.  . . . The  amount  of  information 
Mr.  Hunt  has  brought  together  is  enormous.  . . . The  volume  appears  likely  to  corrvcy  more 
instruction  upon  the  subject  than  any  work  hitherto  published.” — Mining  Journal. 

“The  work  wiU  be  for  the  mining  industry  what  Dr.  Percy’s  celebrated  treatise  has  been  for  the 
metallurgical — a book  that  cannot  with  advantage  be  omitted  from  the  library.” — Iron  and  Coal 
Trades  Review. 

“ The  volume  is  massive  and  exhaustive,  and  the  high  intellectual  powers  and  patient,  persist- 
ent application  which  characterise  the  author  have  evidently  been  brought  into  play  in  its  produc- 
tion. Its  contents  are  invaluable."— Colliery  Guardian. 

Coal  and  Iron. 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM.  Comprising  a Description  of  the  Coal  Fields,  with  Returns  ot 
their  Produce  and  its  Distribution,  and  Analyses  of  Special  Varieties.  Also 
an  Account  of  the  occurrence  of  Iron  Ores  in  Veins  or  Seams;  Analyses  of 
each  Variety ; and  a History  of  the  Rise  and  Progress  of  Pig  Iron  Manufacture 
since  the  year  1740.  By  Richard  Meade,  Assistant  Keeper  of  Mining  Records. 
With  Maps  of  the  Coal  Fields  and  Ironstone  Deposits  of  the  United  Kingdom. 
8vo,  £1  8s.  cloth. 

“ The  book  is  one  which  must  find  a place  on  the  shelves  of  all  Interested  In  coal  and  iron 
production,  and  in  the  iron,  steel,  and  other  metallurgical  industries.” — Engineer. 

" Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever  met. 
...  A book  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  should  omit  from  his 
library." — Iron  and  Coal  Trades  Review. 

“An  exhaustive  treatise  and  a valuable  work  of  reference."— Mining  Journal. 

Prospecting  for  Gold  and  other  3Ietals. 

THE  PROSPECTOR’S  HANDBOOK : A Guide  for  the  Pro- 
spector and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  Minerals. 
By  J.  W.  Anderson,  M.A.  (Camb.),  F.R.G.S.,  Author  of  “Fiji  and  New 
Caledonia.”  Fourth  Edition,  thoroughly  Revised  and  Enlarged.  Small 
crown  8vo,  3s.  6 d.  cloth.  [Just  published. 

“ Will  supply  a much  felt  want,  especially  among  Colonists,  in  whose  way  are  so  often  thrown 
many  nrineralogical  specimens  the  value  of  which  it  is  difficult  for  anyone,  not  a specialist,  to 
determine.  The  author  has  placed  his  instructions  before  his  readers  in  the  plainest  possible 
terms,  and  his  book  is  the  best  of  its  kind."— Engitieer.  ...  , 

“Howto  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the 
eading  points  to  which  attention  is  directed.  The  author  has  managed  to  pack  as  much  practical 
detail  into  his  pages  as  would  supply  material  for  a book  three  times  its  size.  —Mining  Journal. 

“Those  toilers  who  explore  the  trodden  or  untrodden  tracks  on  the  face  of  the  globe  Mill  find 
much  that  is  useful  to  them  in  this  book.” — Athcntzum. 

Mining  Notes  and  Formulae. 

NOTES  AND  FORMULTE  FOR  MINING  STUDENTS.  By 

John  Herman  Merivale,  M.A.,  Certificated  Colliery  Manager,  Professor  of 
Mining  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne.  Second 
Edition,  carefully  Revised.  Small  crown  8vo,  cloth,  price  25  6d. 

••  Invaluable  to  anyone  who  is  working  up  for  an  examination,  on  mining  subjects.  — Coal  and 

“ The  author  has  done  his  work  in  an  exceedingly  creditable  manner,  and  has  produced  a book 
that  will  be  of  service  to  students,  and  those  who  are  practically  engaged  in  mining  operations. 

£”VZst  amount  of  technical  matter  of  the  utmost  value  to  mining  engineers,  and  of  const- 
able interest  to  students. Schoolmaster 
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Gold,  Metallurgy  of, 

THE  METALLURGY  OF  GOLD : A Practical  Treatise  on  the 
Metallurgical  Treatment  of  Gold-bearing  Ores.  Including  the  Processes  of 
Concentration  and  Chlorination,  and  the  Assaying,  Melting  and  Refining  of 
Gold.  By  M.  Eissler,  Mining  Engineer  and  Metallurgical  Chemist,  formerly 
Assistant  Assayer  of  the  U.  S.  Mint,  San  Francisco.  Second  Edition,  Revised 
and  much  Enlarged.  With  132  Illustrations.  Crown  8vo,  9 s.  cloth. 

[ Just  published. 

“This  book  thoroughly  deserves  its  title  of  a • Practical  Treatise.’  The  whole  process  of  gold 
milling,  from  the  breaking  of  the  quartz  to  the  assay  of  the  bullion,  is  described  in  clear  and 
orderly  narrative  and  with  much,  but  not  too  much,  fulness  of  detail."— Saturday  Review. 

” file  work  is  a storehouse  of  information  and  valuable  data,  and  we  strongly  recommend  it  to 
all  professional  men  engaged  in  the  gold-mining  industry.”— Muting-  Journal. 

“ Anyone  who  wishes  to  have  an  intelligent  acquaintance  with  the  characteristics  of  gold  and 
gold  ores,  the  methods  of  extiacting  the  metal,  concentrating  and  chlorinating  it,  and  further  on 
of  refining  and  assaying  it,  will  find  all  he  wants  in  Mr.  Hissler's  book.”— Financial  News. 


Silver9  Metallurgy  of. 

THE  METALLURGY  OF  SILVER  : A Practical  Treatise  on  the 

Amalgamation,  Roasting  and  Lixiviation  of  Silver  Ores.  Including  the 
Assaying,  Melting  and  Refining  of  Silver  Bullion.  By  M.  Eissler  Author 
of  “The  Metallurgy  of  Gold  ’»  With  124  Illustrations.  Crown  8vo,  10s.  6 d. 
c*ot^*  [Just  published. 

“A  practical  treatise,  and  a technical  work  which  we  are  convinced  will  supply  a long-felt  want 
amongst  practical  men,  and  at  the  same  time  beot  value  to  students  and  others  indirectly  connected 
with  tne  industries.” — Mining  Journal.  1 

" From  first  to  last  the  book  is  thoroughly  sound  and  reliable.”— Colliery  Guardian. 

“ For  chemists,  practical  miners,  assayers  and  investors  alike,  we  do  not  know  of  any  work 
on  the  subject  so  handy  and  yet  so  comprehensive.”—  Glasgow  Herald. 


Mineral  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE 

GUIDE,  comprising  a Treatise  on  Improved  Mining  Surveying  and  the  Valua- 
tion of  Mining  Properties,  with  New  Traverse  Tables.  By  Wm.  Lintern 
Mining  and  Civil  Engineer.  Third  Edition,  with  an  Appendix  on  " Magnetic 
and  Angular  Surveying,”  With  Four  Plates.  i2mo,  4s.  cloth. 

“ An  enormous  fund  of  information  of  great  value." — Mining  Journal 
Trades  Review  laS  b°°k  f°rmS  * valuable  311(1  thorouKhly  trustworthy  gjide.”— Iron  and  Coal 

gers.’’-C*tf*"  be  °f  thC  highCSt  VaIUe  t0  C°lliery  surveJ’ors-  Proprietors  and  mana- 


MetdUiferous  Minerals  and  Mining. 

TREATISE  ON  METALLIFEROUS  MINERALS  AND 

MINING.  By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c..  Author  of  “A 
Treatise  on  Slate  and  Slate  Quarrying.”  Illustrated  with  numerous  Wood 
Engravings,  fourth  Edition,  carefully  Revised.  Crown  8vo,  12s.  6 d cloth 

“Neither  the  practical  miner  nor  the  general  readbr  interested  in  mines  canhave’a  better  book- 
er his  companion  and  his  guide. — Mining  Journal.  ve  3 uettcr  D0°k 

“The  volume  is  one  which  no  student  of  mineralogy  should  be  without  Collier „ 

“ A book  that  will  not  only  be  useful  to  the  geolog, ^ the  practice  miner,  and 
but  also  very  interesting  to  the  general  public. — Iron.  G mtlduurffist, 

“As  a history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a real 
s u ch  limned  %>ace*"— A Mena  um.  n°  “itherto  been  brought  together  Xhhin 


Earthy  Minerals  and  Mining. 

TREATISE  ON  EARTHY  AND  OTHER  MINERALS  AND 
MINING  By  D.  C.  Davies,  F.G.S.  Uniform  with,  and  forming  a Com- 
Fwn.i0n/i?  Um,eT?0’  the.same  Author’s  “ Metalliferous  Minerals  and  Mining™ 
With  76  Wood  Engravings.  Second  Edition.  Crown  8vo,  12s.  6rf  cloth  8‘ 

“ R *s  essentially  a practical  work,  intended  primarily  for  the  use  of  practical  men  ' 

do  not  remember  to  have  met  with  any  English  work  on  mining  matters  Sat  A ‘ We 

amount  of  information  packed  in  equally  convenient  form.”— Academy  “3t  COI1-ai,iS  hie  same 
“The book  is  clearly  the  result  of  many  years’  careful  work  and  thrm^ur  ,,  ,,  . , , . 

inclined  to  rank  it  as  among  the  very  best  of  the  handy  technical  and  tlades ' manuT®  c be 
recently  appeared.”— British  Quarterly  Review.  * a trades  manuals  which  have 

“The  volume  contains  a great  mass  of  practical  information  earefnllv  , 

sented  in  a very  intelligible  shape.”— Scotsman.  caieiully  methodised  and  pre- 

“The  subject  matter  of  the  volume  will  be  found  of  high  value  hv  ill  -,„j  .1 
ous  class-who  trade  in  earthy  minerals  ."-Athenaeum.  g y aU~and  thcV  ar<=  a numer- 
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Underground  rumping  Machinery . 

MINE  DRAINAGE.  Being  a Complete  and  Practical  Treatise 

Hon  1frec|‘^ctin"  Underground  Steam  Pumping  Machinery,  with  a De^crin- 

rS°Lac  aTgi=  e^,the  b?st.know.n  Engines,  their  S.Sd 

ine  special  Sphe.e  of  their  Action,  the  Mode  of  their  Application  and 

Sell! ^S8v0om^ecloThh  °ther  f°rmSOf  PunjpiDg  Machinery-  By  Stephen 

gencraUywho  !ef  u£e  if' beTcq  ua^d' w!7h  ^ ,eSS?eS*  minin^  and  students 

Mining  Tools. 

A MANUAL  OF  MINING  TOOLS.  For  the  Use  of  Mine 

. A';™!s'  students,  &c.  By  William  Morgans,  Lecturer  on  Prac- 

tical  Mining  at  the  Bristol  School  of  Mines.  i2mo,  as.  6 d.  cloth  limp 

ATL^m  0F  .ENGRAVINGS  to  Illustrate  the  above,  contain- 

Illustrations  of  Mining  Tools,  drawn  to  scale.  4to,  4s.  6 d.  cloth 

ipractical*  knowledgeCan7lCus^f  id^hhits'by'  theltud^^Mrf^orgmis^manuaf^' -'colli^C^h^* 

7curL TalUable  "°rk-  wWch  Wil'  tead  “*«&*  ‘o 

Uoal  Mining. 

P-P^P"  ALL)  COAL  MINING  : A Rudimentary  Treatise  on.  By 

Sir  Warington  W Smyth,  M.A.,  F.R.S.,  &c„  Chief  Inspector  of  the  Mines  of 

tratinns  Re,vised  and  Corrected.  With  numerous  Illus- 

trations. iamo,  4s.  cloth  boards. 

“,As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries  as  well  as  of  the 
mninPy0uy»alOt  W‘nk"'S‘  the  book  wlU  doubtless  interest  a very  large  number  of  readers."- 

<iran  i te  Quarry  in  g. 

GRANITES  AND  OUR  GRANITE  INDUSTRIES.  By 
George  F.  Harris,  F.G.S.,  Membre  de  la  Socieie  Beige  de  Geologie,  Lei 
tmer  on  Economic  Geology  at  the  Birkbeck  Institution,  &c.  With  Illustra- 
tions. Crown  3vo,  2s.  6 d.  cloth. 

—Scotsman^  and  well'wrltten  n’anual  for  persons  engaged  or  interested  in  the  granite  industry." 

again  ^ ^ deServed!>’  esteemed.  We  advise  the  author  to  write 

unaccounSfl v^it 1 1 ™ h" d ,valuab'“  monograph,  on  a subject  which  has  hitherto  received 

unaccountably  little  attention  in  the  shape  of  systematic,  literary  treatment  ."—Scottish  Leader. 
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Text  Book  of  Electricity. 

THE  STUDENTS  TEXT-BOOK  OF  ELECTRICITY.  By 

Henry  M.  Noad,  Ph.D.,  F.R.S.,  F.C.S.  New  Edition,  carefully  Revised. 
With  an  Introduction  and  Additional  Chapters,  by  W.  H.  Preece,  M.I.C.E. 
Vice-President  of  the  Society  of  Telegraph  Engineers,  &c.  With  470  Illustra- 
tions. Crown  8vo,  12 s.  6 d.  cloth. 

" The  original  plan  of  this  book  has  been  carefuliy  adhered  to  so  as  to  make  it  a refiex  of  the 
'existing  state  of  electrical  science,  adapted  for  students.  . . . Discovery  seems  to  have  pro- 
gressed with  marvellous  strides  ; nevertheless  it  has  now  apparently  ceased,  and  practical  applica- 
tions have  commenced  their  career ; and  it  is  to  give  a faithful  account  of  these  that  this  fresh 
edition  of  Dr.  Noad's  valuable  text-book  is  launched  forth.”— Extract  from  Introduction  by  IV.  H 
Preece.  list]. 

••  We  can  recommend  Dr.  Noad’s  book  for  clear  style,  great  range  of  subject,  a good  index 
and  a plethora  ol  woodcuts.  Such  collections  as  the  present  are  indispensable. ’'—Athenaum. 

“ An  admirable  text  book  for  every  student  — beginner  or  advanced  — of  electricity."— 
Ii"{]i  ■leering. 

Electricity. 

A MANUAL  OF  ELECTRICITY : Including  Galvanism,  Mag- 
netism, Din-Magnetism,  Electro-Dynamics,  Magno-Etcctricity,  and  the  Electric 
Telegraph.  By  Henry  M.  Noad,  Ph.D.,  F.R.S.,  F.C.S.  Fourth  Edition 
With  500  Woodcuts.  8vo,  £1  4s.  cloth. 

41  It  s wo-thy  of  a place  in  the  library  of  every  public  institution.” — Mining  Journal. 
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Electric  Light.  . 

FI  ECTRIC  LIGHT  : Its  Production  and  Use.  Embodying  Flam 

Directions  for  the  Treatment  of  Voltaic  Batteries,  Electric  Lamps,  and 
£ SmlllSric  Machines.  By.J  W U«ou,«aT  OE  Author  of  •• Etoro. 
r.litina.  A Practical  Handbook.”  Edited  by  F.  C.  Webb,  M.I.G.E.,  M.h>- i -l. 
Second' Edition  Revised,  with  large  Additions  and  128  lllusts.  7s.  6 J.  cloth. 

« Th,.  if  s bv far  the  best  that  we  have  yet  met  with  on  the  subject ."-Athenaum. 

the  P-Ti.Tboo^^^  in  producing  the  electric  Ugh^ 

not  only  L obtained  from  voltaic  or  galvanic  batteries,  but  treats  at  length  of  the  dynamo-electric 
machine  in  several  of  its  forms.” — Colliery  Guardian * 

EUth^elementary  principles  of  electric  light. 

ING  By  Alan  A.  Campbell  Swinton,  Associate  I.E.E.  Second  Edition, 
FnlaWed  and  Revised.  With  16  Illustrations.  Crown  8vo,  is.  6 d.  cloth. 
■•Anyone  who  desires  a short  and  thoroughly  clear  exposition  of  the  elementary  principles  of 
electric-lighting  cannot  do  better  than  read  this  little  work.  —Bradford  Observer. 

Dr.  Lardner’s  School  Handbooks. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardner. 

328  Illustrations.  Sixth  Edition.  One  Vol.,  3s-  bd.  cloth.  ... 

A very  convenient  class-book  for  junior  students  in  private  schools.  It  is  intended  to  convey, 
In  dear  and  precise  terms,  general  notions  of  all  the  principal  divisions  of  Physical  bcience. 
British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.  By  Dr.  Lardner. 

With  1 qo  Illustrations.  Second  Edition.  One  Vol.,  3s.  6d. cloth. 

“ Clearly  written,  well  arranged,  and  excellently  illustrated." — Gardener's  Chronicle. 

Dr.  Lardner’s  Electric  Telegraph. 

THE  ELECTRIC  TELEGRAPH.  By  Dr.  Lardner.  Re- 
vised  and  Re-written  by  E.  B.  Bright,  F.R.A.S.  140  Illustrations.  Small 
8vo,  2S.  6 d.  cloth. 

■‘  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph  ."—English  Mechanic. 


Astronomy. 

ASTRONOMY.  By  the  late  Rev.  Robert  Main,  M.A.,  F.R.S., 
formerly  Radcliffe  Observer  at  Oxford.  Third  Edition,  Revised  and  Cor- 
rected to  the  present  time,  by  William  Thynnk  Lynn,  B. A.,  F.R.A.S., 
formerly  of  the  Royal  Observatory,  Greenwich.  i2mo,  2s.  cloth  limp. 

“A  sound  and  simple  treatise,  very  carefully  edited,  and  a capital  book  for  beginners." — 
Knowledge.  . , , . [l*onj*I  Times. 

“ Accurately  brought  down  to  the  requirements  of  the  present  time  by  Mr.  Lynn,  —r.duca- 


The  Dlowpipe. 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  AND 

GEOLOGY.  Containing  all  known  Methods  of  Anhydrous  Analysis,  many 
Working  Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut.- 
Colonel  W.  A.  Ross,  R.A.,  F.G.S.  With  120  Illustrations.  Second  Edition, 
Revised  and  Enlarged.  Crown  8vo,  5s.  cloth.  L Just  published. 

“The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down 
wttl  gain  a better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  ‘got  up' any  of 
tli»  best  text-books  ot  the  day,  and  p'assed  any  number  of  examinations  in  their  contents.” — Chemi- 


cal News. 


The  Military  Sciences. 

AIDE-MEMOIRE  TO  THE  MILITARY  SCIENCES.  Framed 

from  Contributions  of  Officers  and  others  connected  with  the  different  Ser- 
vices. Originally  edited  by  a Committee  of  the  Corps  of  Royal  Engineers. 
Second  Edition,  |most  carefuily  Revised  by  an  Officer  of, the  Corps,  with  many 
Additions;  containing  nearly  350  Engravings  and  many  hundred  Woodcuts. 
Three  Vols.,  royal  8vo,  extra  cloth  boards,  and  lettered,  £4  ios. 

“A  compendious  encyclopaedia  of  military  knowledge,  to  which  we  are  greatly  indebted.” — 
Edinburgh  Review, 

“ The  most  comprehensive  book  of  reference  to  the  military  and  collateral  sciences."— 
Volunteer  Service  Gazelle. 

Field  Fortification. 

A TREATISE  ON  FIELD  FORTIFICATION,  THE  ATTACK 


OF  FORTRESSES.  MILITARY  MINING,  AND  RECONNOITRING.  By 
Colonel  I.  S.  Macaulay,  late  Professor  of  Fortification  in  the  R.M.A.,  Wool- 
wich, Sixth  Edition,  crown  8vo,  cloth,  with  separate  Atlas  of  12  Plates,  12s. 
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Te  mp  era  in  ents . 

Reaching  P^R^*I,ENTS'-  THEIR  STUDY  AND  THEIR 

Edin.  In  one  large  °J>fjar  ,0utluie:  By  Alexander  Stewart  FR  CS 

■Antiseptic  Nursing. 

Antiseptic  Treatment ^ for  Nurses.  Being  an  Epitome  o 1 
Obs.  Soc.  Londng>  &%£££*£?££**' late  Hospital  Sister,  DiploS 

strongly  ^ecommendklo  thote  who  a're'und^  readableand  contains  much  infSaHon"^  cf„* 

-Z  neumatics  and  Acoustics. 

th‘  ««*»«**  of  Wind 

F.C.S.,  &c.  Fourth  Edition  Enlarged7  Cwm,LES  Tomlinson,  F.R.S., 
i2mo,  is.  6 d.  cloth.  Enlarged.  With  numerous  Illustrations. 

-S«£SerS  in  thC  StUdy  0f  this  iinportaat  appUcation  of  science  could  not  have  a better  manual.  ” 

Current&^cw"^j^ble  text'b°°k  for  B‘udcnts  of  Acoustics  and  the  Phenomena  of  Wind 

Conchology. 

and  Foss  if  stlh.F  B A L FGS^ft  °a 

Palaeontologist  in  the  British  Museum.  F&h  Edhio/^With^n  AAssista"f 

boards!3  ^ “ ^=0^  Jffi£ 

Geology^  St0reh0USe  °f  COnChoIogical  and  geological  information.--*,***  Cossi*. 

cloth  boards^’  A-L'S"  F>GlS"  &c-  &c‘  Wlth  25o  Illustrations.  iamo.  5 i 

and  well  arranged.''— Chro^Ucie^  ^°0lC  *nt°  3 manuaI'  Its  information  is  exhaustive 

Geology  and  Genesis. 

arguments  of  those  who  woffid^^GocTs d(?P°wes  vc7  conclusively  of  the 
and  no  sophistry  is  left  unexpo  cd!"—f/te  Roct.  g t God  s Word.  No  real  difficulty  is  shirked. 

science  with  an  unbounded'adiXation'of  ^ theWritJ13*  he  co1mb*I?es  an  unbounded  admiration  ol 
a nicety  ; and  the  conSqueno  • £ That difficffitilX  wWh"^0^--  T*!c  two  in;Pukes  are  ba>a"ced  to 
ous,  find  immediate  solutions  of  the  happiest khfds --L^aSnXe^''^  P01Sed  WCUld  **  S€”’ 
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DR.  LARDNER'S  HANDBOOKS  OF  NATURAL  PHILOSOPHY. 


THE  HANDBOOK  OF  MECHANICS.  Enlarged  and  almost  re- 
written  by  Benjamin  Loewy,  F.R.A.S,  With  378  Illustrations.  Post  8vo, 
6s.  cloth. 

"The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had  become  obsolete 
have  been  replaced  by  others  of  more  modern  character.  The  explanations  throughout  are 
studiously  popular,  and  care  has  been  taken  to  show  the  application  of  tile  various  branches  of 
physics  to  the  industrial  arts,  and  to  the  practical  business  of  life." — Mining  Journal. 

•'  Mr.  Loewy  has  carefully  revised  the  book,  and  brought  it  up  to  modern  requirements.” — 
Nature. 

"Natural  philosophy  has  had  few  exponents  more  able  or  better  skilled  in  the  art  of  popu- 
larising the  subject  than  Dr.  Lardner  ; and  Mr.  Loewy  is  doing  good  service  in  fitting  this  treatise, 
and  the  others  of  the  series,  for  use  at  the  present  time." — Scotsman. 

THE  HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 
New  Edition,  Revised  and  Enlarged,  by  Benjamin  Loewy,  F.R.A.S.  With 
236  Illustrations.  Post  8vo,  5s.  cloth. 

“For  those  ‘ who  desire  to  attain  an  accurate  knowledge  of  physical  science  without  the  pro- 
found methods  of  mathematical  investigation,'  this  work  is  not  merely  intended,  but  well  adapted.-' 
—Chemical  News. 

" The  volume  before  us  has  been  carefully  edited,  augmented  to  nearly  twice  the  bulk  of  the 
former  edition,  and  all  the  most  recent  matter  has  been  added.  . . . It  is  a valuable  text-book.” 
— Nature. 

“ Candidates  for  pass  examinations  will  find  it,  we  think,  specially  suited  to  their  requirements. 
English  Mechanic. 

THE  HANDBOOK  OF  HEAT . Edited  and  almost  entirely  re- 
written by  Benjamin  Loewy,  F.R.A.S.,  &c.  117  Illustrations.  Post  8vo,  6s. 
cloth. 

" The  style  Is  always  clear  and  precise,  and  conveys  instruction  without  leaving  any  cloudiness 
or  lurking  doubts  behind." — Engineering. 

"A  most  exhaustive  book  on  the  subject  on  which  it  treats,  and  is  so  arranged  that  it  can  be 

understood  by  all  who  desire  to  attain  an  accurate  knowledge  of  physical  science Mr. 

Loewy  has  included  all  the  latest  discoveries  in  the  varied  laws  and  effects  of  heat." — Standard. 

“A  complete  and  handy  text-book  for  the  use  of  students  and  general  readers.”— English 
Mechanic. 

THE  HANDBOOK  OF  OPTICS.  By  Dionysius  Lardner, D.C.L., 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
College,  London.  New  Edition.  Edited  by  T.  Olver  Harding,  B. A.  Lond., 
of  University  College,  London.  With  298  Illustrations.  Small  8vo,  448 
pages,  5s.  cloth. 

“Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated.” 
Mechanic's  Magazine . 

THE  HANDBOOK  OF  ELECTRICITY , MAGNETISM , AND 
ACOUSTICS.  By  Dr.  Lardner.  Ninth  Thousand.  Edit,  by  George  Carey 
Foster,  B. A.,  F.C.S.  With  400  Illustrations.  Small  8vo,  5s.  cloth. 

“ The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  terse  and 
lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his  work  to  the  present  state  of 
scientific  knowledge.” — Popular  Science  Review. 

\*  The  above  Five  Volumes,  though  each  is  Complete  in  itself,  form  A Com- 
plete Course  of  Natural  Philosophy. 


Dr.  Lardner’ s Handbook  of  Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  Forming  a Companion 
to  the  “ Handbook  of  Natural  Philosophy.’’  By  Dionysius  Lardner,  D.C.L. 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
College,  London.  Fourth  Edition.  Revised  and  Edited  by  Edwin  Dunkin 
F.R.A.S.,  Royal  Observatory,  Greenwich.  With  38  Plates  and  upwards  of 
100  Woodcuts.  In  One  Vol.,  small  8vo,  550  pages,  gs.  6 d.  cloth. 


" Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and  well 
arranged  a form— certamly  none  at  the  price  at  which  this  is  offered  to  the  public."— Athenccum. 
"We  can  do  no  other  than  pronounce  this  work  a most  valuable  manual  of  astronomy  and  we 

ncr  v rprnmmpnri  it  all  wl-i/t  tiric-Vi  *e~.  'mnulrn  -1  .1  u.. • J 


strongly  recommend  it  to  all  who  wish  to  acquire  a general— but  at  the  same  time  correct— acauaint. 
ance  with  this  sublime  science.”— Quarterly  Journal  of  Science. 

"One  of  the  most .deservedly  popular  books  on  the  subject  . . . We  would  recommend  not 
only  the  student  of  the  elementary  principles  of  the  science,  but  he  who  aims  at  mastering  the 
higher  and  mathematical  branches  of  astronomy,  not  to  be  without  this  work  beside  him  "—Prar/i 
eal  Magazine.  ' 
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DR.  LARDNER’S  MUSEUM  OF  SCIENCE  AND  ART. 


THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 

£?"y“u8  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and 
" Untversny  Collese,  London.  With  upwards  of  1,200  Engrav- 

ing or  im£m  n,  6 Double  Volumes,  £i  is.,  in  a new  and  elegant  cloth  bind- 
ing , or  handsomely  bound  in  half-morocco,  31s.  6d. 


Contents: 


The  Planets:  Are  they  Inhabited  Worlds?— 
Weather  Prognostics  — Popular  Fallacies  in 
Questions  of  Physical  Science — Latitudes  and 
Longitudes  — Lunar  Influences  — Meteoric 
Stones  and  Shooting  Stars— Railway  Accidents 
—Light— Common  Things  : Air— Locomotion 
In  the  United  States— Cometary  Influences— 
Common  Things:  Water— The  Potter's  Art- 
Comiuon  Things : Fire  — Locomotion  and 
transport,  their  Influence  and  Progress— The 
Moon  — Common  Things:  The  Earth  — The 
Electric  Telegraph  — Terrestrial  Heat  — The 
Sun— Earthquakes  and  Volcanoes— Barometer, 
Safety  Lamp,  and  Whitworth's  Micrometric 
Apparatus— Steam — The  Steam  Engine— The 
Eye  — The  Atmosphere  - Time  — Common 
1 lungs:  Pumps— Common  Things : Spectacles, 
.i®  Kaleidoscope  — Clocks  and  Watches  — 
Microscopic  Drawing  and  Engraving— Loco- 


motive — Thermometer  — New  Planets : Le- 
verrier  and  Adams's  Planet — Magnitude  and 
Minuteness  Common  Things:  The  Almanack 
—Optical  Images— IIow  to  observe  the  Heavens 
— Common  1 hings : The  Looking-glass  — 
Stellar  Universe— The  Tides— Colour— Com- 
mon Things:  Man— Magnifying  Glasses—  In- 
stmet  and  Intelligence — The  Solar  Microscope 
—The  Camera  Lucida— The  Magic  Lantern— 
The  Camera  Obscura— The  Microscope— The 
White  Ants  : Their  Manners  and  Habits— The 
Surface  of  the  Earth,  or  First  Notions  of 
Geography— Science  and  Poetry— The  Bee- 
Steam  Navigation  — Electro-Motive  Power  — 
Thunder,  Lightning,  and  the  Aurora  Borealis 
—The  Printing  Press— The  Crust  of  the  Earth 
—Comets — The  Stereoscope— The  Pre-Adam- 
ite Earth — Eclipses — Sound. 


***  Opinions  of  the  Press. 

sfdes’  besides  affording  popular  but  sound  instruction  on  scientific  subiects  with  which 
nim.'riv ^eSt’  m,ai’,m  t: Ile  country  ought  to  be  acquainted,  also  undertakes  that  teaching  of  ' Corn- 
which  every  weU-wisher  of  lus  kind  is  anxious  to  promote.  Many  thousand  copies  of 
this  serviceable  publication  have  been  printed,  in  the  belief  and  hope  that  the  desire  for  instruction 

: and  WE  haVe  n°  fCar  that  SUch  enlightened  faith  will  meet  with 

‘‘A  cheap  and  interesting  publication,  alike  informing  and  attractive.  The  papers  combine 

ssATSfer1' 

m^l.'T^'C;i‘McSeun‘-i,f  Science  and  Art’  Is  the  most  valuable  contribution  that  has  ever  been 
AW  A I UCtl°n  01  every  dass  of  society." — Sir  David  Brewster,  in  the 

fh»^nf,Eier-Wf  COn.skJer, the  Iiberality  and  beauty  of  the  Illustrations,  the  charm  of  the  writing 
or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that  there  is  hardly  to  be  found 

» a 1 u a b 1 e pr e sen L"^£xa>n iner.  W°“  d be  welcoraed  b>'  PeoPle  of  s°  many  ages  and  classes  as  a 


V Separate  books  formed  from  the  above,  suitable  for  Workmen's  Libraries, 

Science  Classes,  etc. 

Common  Things  Explained.  Containing  Air,  Earth,  Fire,  Water,  Time 
Man,  the  Eye,  Locomotion,  Colour,  Clocks  and  Watches,  &c.  2rt  Illus- 
trations, cloth  gilt,  5s. 

The  Microscope.  Containing  Optical  Images,  Magnifying  Glasses  Origin 
and  Description  of  the  Microscope,  Microscopic  Objects,  the  Solar  Micro- 
scope, Microscopic  Drawing  and  Engraving,  &c.  147  Illustrations,  cloth 

gilt,  2S. 

Popular  Geology.  Containing  Earthquakes  and  Volcanoes,  the  Crust  of 
the  Earth,  &c.  201  Illustrations,  cloth  gilt,  2s.  6 d. 

Popular  Physics.  Containing  Magnitude  and  Minuteness,  the  Atmo- 
sphere, Meteoric  Stones,  Popular  Fallacies,  Weather  Prognostics,  the 
Thermometer,  the  Barometer,  Sound,  &c.  85  Illustrations,  cloth  gilt,  2 s.  6 d. 

Steam  and  its  Uses.  Including  the  Steam  Engine,  the  Locomotive,  and 
Steam  Navigation.  89  Illustrations,  cloth  gilt,  2 s. 

Popular  Astronomy.  Containing  How  to  observe  the  Heavens— The 
Earth,  Sun,  Moon,  Planets,  Light,  Comets,  Eclipses,  Astronomical  Influ- 
ences, &c.  182  Illustrations,  4s.  6 d. 


The  Bee  and  White  Ants : Their  Manners  and  Habits.  With  Illustra- 
tions of  Animal  Instinct  and  Intelligence.  135  Illustrations,  cloth  gilt,  2 s. 

The  Electric  Telegraph  Popularized.  To  render  intelligible  to  all  who 
can  Read,  irrespective  of  any  previous  Scientific  Acquirements,  the  various 
forms  of  Telegraphy  in  Actual  Operation.  100  Illustrations,  cloth  gilt, 
is.  6 d. 


COUNTING-HOUSE  WORK, TABLES, CALCULATORS, etc.  ag 


COUNTING-HOUSE  WORK,  TABLES,  etc. 

Accounts  for  Manufacturers . 

FACTORY  ACCOUNTS:  Their  Principles  and  Practice.  A 
Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the  No- 
menclature of  Machine  Details;  the  Income  Tax  Acts;  the  Rating  of  Fac- 
tories; Fire  and  Boiler  Insurance;  the  Factory  and  Workshop  Acts,  &c., 
including  also  a Glossary  of  Terms  and  a large  number  of  Specimen  Rulings. 
Hy  Emile  Garcke  and  J,  M,  Fells.  Third  Edition,  Demy  8vo,  250  pages 
price  6s.  strongly  bound.  [Jmt  published  '. 

.A  yery  interesting  description  of  the  requirements  of  Factory  Accounts.  . . . the  principle 
or  assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thorouirh'v 
agree  with.  — Accountants'  Jotcrtuxl.  ’ 

"Characterised  by  extreme  thoroughness.  There  are  few  owners  of  Factories  who  would 
not  derive  great  benefit  from  the  perusal  of  this  most  admirable  work.”— Local  Government 
C/irontcle, 


Foreign  Commercial  Correspondence . 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT : Being 
Aids  to  Commercial  Correspondence  in  Five  Languages— English  French 
German,  Italian  and  Spanish.  By  Conrad  E.  Baker.  Second  Edition 
, Revised.  Crown  8vo,  3s.  6d.  cloth.  [Just  published 

,,  ‘Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr.  Baker  cannot  do  better 
than  . tudy  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.  Thev  con- 
sist  not  of  entire  specimen  letters,  but  what  are  far  moie  useiul— short  passages,  sentences  or 
phrases  expressing  the  same  general  idea  in  various  forms.” — -Athenaum  ' 

..  mA  eyeful  examination  has  convinced  us  that  it  is  unusually  complete,  well  arranged  and 
reliable.  The  book  is  a thoroughly  good  ov\q%" —Scftool/ncisiti'* 

Intuitive  Calculations. 

the  COMPENDIOUS  CALCULATOR;  or,  Easy  and  Con- 
cise Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions,  together  with  Useful  Tables  Bv 
pAN'EL  0 G°™AN-  Corrected  and  Extended  by  J.  R.  Young,  formerly 
? ^ssor.of  Mathematics  at  Belfast  College.  Twenty-seventh  Edition,  care- 

“R  wouMbfdiffi^?  Norris*  Fcap.  8vo,  3s.  6 d.  strongly  half-bound  in  leather. 
„mm  ™ ld  be  t0  exaggerate  the  usefulness  of  a book  like  this  to  everyone  engaged  in 

“ "™",ed  “ °r  ,uJ"  *“d ror 

ot “ 1- 

Modern  Metrical  Units  and  Systems. 

a^s>EfRN  ?aE}R0L9GY  •'  A Manual  of  the  Metrical  Units 

'citric  SU8%Zi  ™(l  the  British  Standards. 
A,^RIES  METRIC  TABLES,  in  which  the  British  Stand- 

Iron  and  3Ietal  Trades’  Calculator. 

THE  /RON  AND  METAL  TRADES'  COMPANION  For 

from'V. 1°^SCe*rtaining  thG  Va'Ue  °f  any  G°0ds  bou8ht  or  sold  by  Weight 
IS*  Per  cwt-  to  112s.  per  cwt.,  and  from  one  farthing  per  pound  tn 
shilling  per  pound  Each  Table  extends  from  one  pound  to  im  tons  Tn 
which  are  appended  Rules  on  Decimals,  Square  and  Cube  Root  Mensuration 
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Calculator  for  Numbers  and  Weights  Combined. 
THE  NUMBER  AND  WEIGHT  CALCULATOR.  Contain- 
ing upwards  of  250,000  Separate  Calculations,  showing  at  a glance  the  value 
at  421  different  rates,  ranging  from  Jjth  of  a Penny  to  20s.  each,  or  per  cwt., 
and  £20  per  ton,  of  any  number  of  articles  consecutively,  from  1 to  470. — 
Any  number  of  cwts.,  qrs.,  and  lbs.,  from  1 cwt.  to  470  cwts. — Any  number  ot 
tons,  cwts.,  qrs.,  and  lbs.,  from  1 to  23^  tons.  By  William  Chadwick,  Public 
Accountant.  Second  Edition,  Revised  and  Improved,  and  specially  adapted 
for  the  Apportionment  of  Mileage  Charges  for  Railway  Traffic.  8vo,  price 
18s.,  strongly  bound  for  Office  wear  and  tear.  [Just  published. 

IS*  This  comprehensive  and  entirely  unique  and  original  Calculator  is  adapted 
for  the  use  of  Accountants  and  Auditors,  Railway  Companies,  Canal  Companies , 
Shippers,  Shipping  Agents,  General  Carriers,  etc.  Ironfounders , Brassfounders, 
Metal  Merchants,  Iron  Manufacturers,  Ironmongers,  Engineers,  Machinists,  Boiler 
Makers,  Millwrights,  Roofing,  Bridge  and  Girder  Makers,  Colliery  Proprietors,  etc. 
Timber  Merchants,  Builders,  Contractors,  Architects,  Surveyors,  Auctioneers, 
Valuers,  Brokers,  Mill  Owners  and  Manufacturers,  Mill  Furnishers,  Merchants  and 
General  Wholesale  Tradesmen. 

***  Opinions  of  the  Press. 

The  book  contains  the  answers  to  questions,  and  not  simply  a set  of  Ingenious  puzzle 
methods  of  arriving  at  results.  It  is  as  easy  of  reference  for  any  answer  or  any  number  of  answers 
as  a dictionary,  and  the  references  are  even  more  quickly  made.  For  making  up  accounts  or  esti- 
mates, the  book  must  prove  invaluable  to  all  who  have  any  considerable  quantity  of  calculations 
involving  price  and  measure  in  any  combination  to  do." — Engineer. 

“ The  most  complete  and  practical  ready  reckoner  which  it  has  been  our  fortune  yet  to  see. 
It  is  difficult  to  imagine  a trade  or  occupation  in  which  it  could  not  be  of  the  greatest  use,  either 
In  saving  human  labour  or  in  checking  work.  The  Publishers  have  placed  within  the  reach  of 
every  commercial  man  an  invaluable  and  unfailing  assistant." — The  Miller. 

“ The  most  perfect  work  of  the  kind  yet  prepared." — Glasgow  Herald. 

Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR.  Being  a Series  of  Tables 
upon  a New  and  Comprehensive  Plan,  exhibiting  at  One  Reference  the  exact 
Value  of  any  Weight  from  1 lb.  to  15  tons,  at  300  Progressive  Rates,  from  id. 
to  168s.  per  cwt.,  and  containing  186,000  Direct  Answers,  which,  with  their 
Combinations,  consisting  of  a single  addition  (mostly  to  be  performed  at 
sight),  will  afford  an  aggregate  of  10,266,000  Answers;  the  whole  being  calcu- 
lated and  designed  to  ensure  correctness  and  promote  despatch.  By  Henry 
Harben,  Accountant.  Fourth  Edition,  carefully  Corrected.  Rojal  8vo, 
strongly  half-bound,  £1  5s. 

“ A practical  and  useful  work  of  reference  for  men  of  business  generally  ; it  is  the  best  of  the 
kind  we  have  seen."— Ironmonger.  . 

"Of  priceless  value  to  business  men.  It  is  a necessary  book  m all  mercantile  offices.  -Sue/- 
field  Independent. 

Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE.  Comprising  several  Series  ot 
Tables  for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
by  which  may  be  ascertained  the  exact  Profit  arising  from  any  mode  of  using 
Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and  the  method  of  either 
Altering  a Rate  of  Discount  or  Advancing  a Price,  so  as  to  produce,  by  one 
operation,  a sum  that  will  realise  any  required  profit  after  allowing  one  or 
more  Discounts : to  which  are  added  Tables  of  Profit  or  Advance  from  i£  to 
90  per  cent.,  Tables  of  Discount  from  to  98}  per  cent.,  and  Tables  of  Com- 
mission, &c.,  from  \ to  10  per  cent.  By  Henry  Harben,  Accountant,  Author 
of  “ The  Weight  Calculator.”  New  Edition,  carefully  Revised  and  Corrected. 
Demy  8vo,  544  pp.  half-bound,  £t  5s.  . 

“ A book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  time 
means  saving  of  money.  We  have  the  high  authority  of  Professor  J.  R.  Young  that  the  tables 
throughout  the  work  are  constructed  upon  strictly  accurate  principles.  The  work  is  a mode! 
of  typographical  clearness,  and  must  prove  of  great  value  to  merchants,  manufacturers,  and 
general  traders.” — British  Trade  Journal. 

Iron  Shipbuilders ’ and  Merchants’  Weight  Tables. 
IRON -PLATE  WEIGHT  TABLES:  For  Iron  Shipbuilders , 
Engineers  and  Iron  Merchants.  Containing  the  Calculated  Weights  of  up- 
wards of  150,000  different  sizes  of  Iron  Plates,  from  i foot  by  6 in.  by  J in.  to 
io  feet  by  5 feet  by  1 in.  Worked  out  on  the  basis  of  40  lbs.  to  the  square 
foot  of  Iron  of  1 inch  in  thickness.  Carefully  compiled  and  thoroughly  Re- 
vised by  H.  Burlinson  and  W.  H.  Simpson.  Oblong  4to,  25s.  half-bound. 
"This  work  will  be  found  of  great  utility.  The  authors  have  had  much  practical  experience 
ot  what  is  wanting  in  making  estimates;  and  the  use  of  the  book  will  save  much  time  m making 
elaborate  calculate  ns.  —English  Mechanic . 


INDUSTRIAL  AND  USEFUL  ARTS. 
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INDUSTRIAL  AND  USEFUL  ARTS. 

Soap-making. 

THE  ART  OF  SOAP-MAKING  : A Practical  Handbook  of  the 
Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  etc.  Including  many  New 
Processes,  and  a Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leys. 
By  Alexander  Watt,  Author  of  “ Electro-Metallurgy  Practically  Treated,” 
&c.  With  numerous  Illustrations.  Third  Edition,  Revised.  Crown  8vo, 
ys.  6 d.  cloth. 

“The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the  practical 
soap-boiler  who  wishes  to  understand  the  theory  of  his  art.” — Chemical  News. 

“Really  an  excellent  example  of  a technical  manual,  entering,  as  it  does,  thoroughly  and 
exhaustively  both  into  the  theory  and  practice  of  soap  manufacture.  The  book  is  well  ancfhonestly 
done,  and  deserves  the  considerable  circulation  with  which  it  will  doubtless  meet.” — Knowledge. 

“Mr.  Watt's  book  is  a thoroughly  practical  treatise  on  an  art  which  has  almost  no  literature  in 
our  language.  We  congratulate  the  author  on  the  success  of  his  endeavour  to  fill  a void  in  English 
technical  literature.” — Nature. 


Paper  Making. 

THE  ART  OF  PAPER  MANUFACTURE : A Practical  Hand- 
book of  the  Manufacture  of  Paper  from  Rags,  Esparto,  Wood  and  other  Fibres. 
By  Alexander  Watt,  Author  of  “ The  Art  of  Soap-Making,”  The  Art  of 
Leather  Manufacture,”  &c.  With  numerous  Illustrations.  Cr.  8vo.  [In  the  press. 

Leather  Manufacture. 

THE  ART  OF  LEATHER  MANUFACTURE.  Being  a 
Practical  Handbook,  in  which  the  Operations  ot  Tanning,  Currying,  and 
Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning  Ex- 
plained, and  many  Recent  Processes  introduced;  as  also  Methods  for  the 
Estimation  of  Tannin,  and  a Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dressing,  &c.  By  Alexander  Watt,  Author  of  “ Soap-Making,”  “ Electro- 
Metallurgy,”  &c.  With  numerous  Illustrations.  Second  Edition.  Crown 
8vo,  9s.  cloth, 

‘ * A sound,  comprehensive  treatise  on  tanning  and  its  accessories.  . . An  eminently  valuable 
production,  which  redounds  to  the  credit  of  both  author  and  publishers."— Chemical  Review. 

“ This  volume  is  technical  without  being  tedious,  comprehensive  and  complete  without  being 
prosy,  and  it  bears  on  every  page  the  impress  of  a master  hand.  We  have  never  come  across  a 
better  trade  treatise,  nor  one  that  so  thoroughly  supplied  an  absolute  want.''— Shoe  and  Leather 
Trades'  Chronicle. 


Boot  and  Shoe  Making. 

THE  ART  OF  BOOT  AND  SHOE-MAKING.  A Practical 

Handbook,  including  Measurement,  Last-Fitting,  Cutting-Out,  Closing  and 
Making,  with  a Description  of  the  most  approved  Machinery  employed 
By  John  B.  Leno,  late  Editor  of  St.  Crispin,  and  The  Boot  and  Shoe-Maker 
With  numerous  Illustrations.  Third  Edition.  i2mo,  2s.  cloth  limp. 

“This  excellent  treatise  is  by  far  the  best  work  ever  written  on  the  subject.  A new  work 
embracing  all  modem  improvements,  was  much  wanted.  This  want  is  now  satisfied.  The  chapter 
on  clicking,  which  shows  how  waste  may  be  prevented,  will  save  fifty  times  the  price  of  the  book  ” 
— Scottish  Leather  Trader. 

“This  volume  is  replete  with  matter  well  worthy  the  perusal  of  boot  and  shoe  manufacturers 
and  experienced  craftsmen,  and  instructive  and  valuable  in  the  highest  degree  to  all  young 
beginners  and  craftsmen  in  the  trade  of  which  it  treats."— Leather  Trades'  Circular.  1 K 

Dentistry. 


MECHANICAL  DENTISTRY : A Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Comprising  also  Use- 
ful Formulae,  Tables  and  Receipts  for  Gold  Plate,  Clasps,  Solders  &c  &c 
By  Charles  Hunter.  Third  Edition,  Revised.  With  upwards  of  100 
Wood  Engravings.  Crown  8vo,  3s.  6 d.  cloth. 

“ The  work  is  very  practical.”- Monthly  Review  of  Dental  Surgery. 

“ We  can  strongly  recommend  Mr.  Hunter's  treatise  to  all  students  preparing  for  the  profession 
of  dentistry,  as  well  as  to  every  mechanical  dentist."— Dublin  Journal  of  Medical  Science 

“A  work  in  a concise  form  that  few  could  read  without  gaining  information  from  "—Rrit,\u 
Journal  of  Dental  Science.  ' 

Wood  Engraving. 

A PRACTICAL  MANUAL  OF  WOOD  ENGRAVING.  With 
a Brief  Account  of  the  History  of  the  Art.  By  William  Norman  Brown 
\V  ith  numerous  Illustrations.  Crown  8vo,  2 s.  cloth. 

•*  The  author  deals  with  the  subject  in  a thoroughly  practical  and  easy  series  of  representative 
lessons.  — Paper  and  Printing  Trades  Journal.  1 1 esentative 

I he  hook  is  clear  and  complete,  and  will  be  useful  to  anyone  wanting  to  understand  the  fii-c 
elements  ofthe  beautiful  art  of  wood  engravin  g." -Graphic.  k stand  the  “st 


CROSIIY  LOCKWOOD  & SON’S  CATALOGUE. 


32 


HANDY  BOOKS  FOR  HANDICRAFTS.  By  P^UL  N.  HAS  LUCK. 


These  Handybooks  are  written  to  supply  Handicraftsmen  with  informa- 
tion on  workshop  practice,  and  are  intended  to  convey,  m plain  language,  technical 
knowledge  of  the  several  crafts.  Workshop  terms  are  used,  and  workshop  practice 
described,  the  text  being  freely  illustrated  with  drawings  of  modern  tools,  appliances 
and  processes.  rr 

N.Li.  The  following  Volumes  arc  already  published,  and  others  are  in  preparation 


Metal  Turning. 

THE  METAL  TURNER’S  HANDY  BOOK.  A Practical  Manual 
for  Workers  at  the  Foot-Lathe:  Embracing  Information  on  the  Tools, 
Appliances  and  Processes  employed  in  Metal  Turning.  Bv  Paul  N IIas- 
luck,  Author  of  “ Lathe-Woi  k.”  With  upwards  of  One  Hundred  Illustra- 
tions. Second  Edition,  Revised.  Crown  8vo,  2s.  cloth. 


‘I  Altogether  admirably  adapted  to  initiate  students  into  the  art  of  turning."— Leicester  Post 
C early  and  concisely  written,  excellent  in  every  way,  we  heartily  commend  it  to  all  intcrc  ;.  d 
In  metal  turning.’  —Mechanical  1 1 or  Li. 


Wood  Turning . 

THE  WOOD  TURNER’S  II  ANDY  BOOK.  A Practical  Manual 
for  Workers  at  the  Lathe:  Embracing  Information  on  the  Tools,  Appliances 
and  Processes  Employed  in  Wood  Turning.  By  Paul  N.  Hasluck.  With 
upwards  of  One  Hundred  Illustrations.  Crown  8vo,  2s.  cloth. 

‘‘We  recommend  the  book  to  young  turners  and  amateurs.  A multitude  of  workmen  have 
hitherto  sought  in  vam  for  a manual  of  this  special  industry.”— Mechanical  World. 

Watch  liepairing. 

THE  WATCH  JOBBER'S  HANDYBOOK.  A Practical  Manual 

on  Cleaning,  Repairing  and  Adjusting.  Embracing  Information  on  the  Tool*, 
Materials,  Appliances  and  Processes  Employed  in  Watchwork.  By  Paul 
Hasluck.  With  upwards  of  One  Hundred  Illustrations.  Cr.  8vo,  2s.  cloth. 

“ All  young  persons  connected  with  the  trade  should  acquire  and  study  this  excellent  and  at 
the  same  time,  inexpensive  work.”— Clerkenvvetl  Chronicle. 


Pattern  Making. 

THE  PATTERN  MAKER'S  HANDYBOOK.  A Practical 

Manual,  embracing  Information  on  the  Tools,  Materials  and  Appliances  em- 
ployed in  Constructing  Patterns  for  Founders.  By  Paul  N.  Hasluck. 
With  One  Hundred  Illustrations.  Crown  8vo,  zs.  cloth. 

••  We  commend  it  to  all  who  arc  interested  in  the  counsels  it  so  ably  gives."—  Colliery  Guardian. 
“This  handy  volume  contains  sound  information  of  considerable  value  to  students  .ind 
artificers." — Hardware  Trades  yournal. 


Media  nical  Man  ip  ula  tion. 

THE  MECHANIC’S  WORKSHOP  HANDYBOOK.  A Practical 

Manual  on  Mechanical  Manipulation.  Embracing  Information  on  various 
Handicraft  Processes,  with  Useful  Notes  and  Miscellaneous  Memoranda 
By  Paul  N.  Hasluck.  Crown  8vo,  2s.  cloth. 

“ B >s  a book  which  should  be  found  in  every  workshop,  as  it  is  one  which  will  be  continually 
referred  to  for  a very  great  amount  of  standard  information.”— Saturday  Review. 


Model  Engineering. 

THE  MODEL  ENGINEER'S  HANDYBOOK : A Practical 

Manual  on  Model  Steam  Engines.  Embracing  Information  on  the  Tools. 
Materials  and  Processes  Employed  in  their  Construction.  By  Paul  N. 
Hasluck.  With  upwards  of  100  Illustrations.  Crown  8vo,  2s.  cloth. 

“ Mr.  Hasluck’s  latest  volume  is  of  greater  importance  than  would  at  first  appear  ■ and  indeed 
he  has  produced  a very  good  little  book." — Builder. 

“ By  carefully  going  through  the  work,  amateurs  may  pick  up  an  excellent  notion  of  the  con- 
tructiou  of  full-sized  steam  engines.” — Telegraphic  yournal. 


dork  Repairing. 

THE  CLOCK  JOBBER'S  LIANDYBOOK : A Practical  Manual 
on  Cleaning,  Repairing  and  Adjusting.  Embracing  Information  on  the  Tools, 
Materials,  Appliances  and  Procecses  Employed  in  Clockwork.  By  Paul  N. 
Hasluck,  With  upwards  of  100  Illustrations'  Cr.  8vo.  2s.  cloth.  [Justreadv. 
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INDUSTRIAL  AND  USEFUL  ARTS. 


Electrolysis  of  Gold , Silver,  Copper,  etc. 

ELECTRO-DEPOSITION  : A Practical  Treatise  on  the  Electrolysis 
of  Gold,  Silver,  Copper,  Nickel,  and  other  Metals  and  Alloys.  With  descrip- 
tions of  Voltaic  Batteries,  Magneto  and  Dynamo-Electric  Machines,  Ther- 
mopiles, and  of  the  Materials  and  Processes  used  in  every  Department  ot 
the  Art  and  several  Chapters  on  Electro-Metallurgy.  By  Alexander 
Watt,  Author  of  “ Electro-Metallurgy,”  &c.  With  numerous  Illustrations. 
Third  Edition,  Revised  and  Enlarged.  Crown  8vo,  9s.  cloth. 

• Eminently  a book  for  the  practical  worker  in  electro-deposition.  It  contains  minute  and 
practical  descriptions  of  methods,  processes  and  materials  as  actually  pursued  and  used  in  the 
workshop.  Mr.  Watt's  book  recommends  itself  to  all  interested  in  its  subjects.  —Engineer. 

Electro-Metallurgy. 

ELECTRO-METALLURGY ; Practically  Treated.  By  Alexander 
Watt,  Author  of  “ Electro  Deposition,”  &c.  Ninth  Edition,  including  the 
most  recent  Processes,  icmo,  4s.  cloth  boards. 

"From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  successful 
prosecution  of  electroplating.”— Iren. 

Electroplating. 

ELECTROPLATING  : A Practical  Handbook  on  the  Deposi- 
tion of  Copper,  Silver,  Nickel,  Gold,  Aluminium,  Brass,  Platinum,  &c.  &c. ; 
With  Descriptions  of  the  Chemicals,  Materials,  Batteries  and  Dynamo 
Machines  used  in  the  Art.  By  J.  W.  Urquhart,  C.E.,  Author  of  11  Electric 
Light,”  &c.  Second  Edition,  Revised,  with  Additions.  Numerous  Illustra- 
tions. Crown  8vo,  5s.  cloth. 

“ An  excellent  practical  manual.” — Engineering, 

“ This  book  will  show  any  person  how  to  become  an  expert  in  electro-deposition.” — Builder. 

“ An  excellent  work,  giving  the  newest  va.ior\rwT\ouT—Horological  Journal. 

Electrotyping. 

ELECTROTYPING  : The  Reproduction  and  Multiplication  of  Print - 
ing  Surfaces  and  Works  of  Art  by  the  Electro-deposition  of  Metals.  By  J.  W. 
Urquhart,  C.E.  Crown  8vo,  5s.  cloth. 

"The  book  is  thoroughly  practical.  The  reader  is,  therefore,  conducted  through  the  leading 
laws  of  electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depositing 
processes,  up  to  the  final  preparation  of  the  work.” — Art  Journal. 

Goldsmiths’  Work. 

THE  GOLDSMITH’S  HANDBOOK.  By  George  E.  Gee, 

Jeweller,  &c.  Third  Edition,  considerably  Enlarged.  i2mo,  3s.  6d.  cloth. 
"A  good,  sound,  technical  educator,  and  will  be  generally  accepted  as  an  authority..” — Horo- 
logical  Journal. 

"A  standard  book  which  few  will  care  to  be  without." — Jeweller  and  Metalworker. 

Silversmiths’  Work. 

THE  SILVERSMITH'S  HANDBOOK.  By  George  E.  Gee, 
Jeweller,  &c.  Second  Edition,  Revised,  with  Illustrations.  i2mo,  3s.  6 d.  cloth. 
"The  chief  merit  of  the  work  is  its  practical  character.  . . . The  workers  in  the  trade  will 
speedily  discover  its  merits  when  they  sit  down  to  study  it.” — English  Mechanic. 

***  The  above  two  works  together,  strongly  half-bound,  price  7 s. 

Bread  and  Biscuit  Baking. 

THE  BREAD  AND  BISCUIT  BAKER'S  AND  SUGAR- 
BOILER'S  ASSISTANT.  Including  a large  variety  of  Modern  Recipes. 
With  Remarks  on  the  Art  of  Bread-making.  By  Robert  Wells,  Practical 
Baker.  Crown  8vo,  2.?.  cloth.  [Just  published. 

“A  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  baker.” — Saturday  Review. 

" A book  of  instruction  for  learners  and  for  daily  reference  in  the  bakehouse.” — Baker's  Times. 

Confectionery. 

THE  PASTRYCOOK  AND  CONFECTIONER'S  GUIDE. 
For  Hotels,  Restaurants  and  the  Trade  in  general,  adapted  also  for  Family 
Use.  By  Robert  Wells,  Author  of  “The  Bread  and  Biscuit  Baker’s  and 
Sugar  Boiler’s  Assistant.”  Crown  8vo,  2s.  cloth.  [Just  published. 

" We  cannot  speak  too  highly  of  this  really  excellent  work.  In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book.” — Baker's  Times. 

" Will  be  found  as  serviceable  by  private  families  as  by  restaurant  chefs  and  victuallers  in 
general.  ” — Miller. 

Laundry  Work. 

A HANDBOOK  OF  LAUNDRY  MANAGEMENT.  For  Use 
in  Steam  and  Hand-Power  Laundries  and  Private  Houses.  By  the  Editor 
of  Tue  Laundry  Journal  Crown  8vo,  zs.  6 d.  cloth.  [Just  published. 
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Horology. 

A TREATISE  ON  MODERN  HOROLOGY , in  Theory  and  Evac- 
uee. Translated  from  the  French  of  Claudius  Saunier,  ex-Director  cf  the 
?!  Horology  at  Macon,  by  Julien  Tripflin,  F.R.A.S..  Besancon, 
Watch  Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Rcyal  Mint. 
With  Seventy-eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates. 
Edition.  Super-royal  8vo,  £2  2 s.  cloth  ; £2  10s.  half-calf. 

firm  of  M'siMn'ipr'l0/ 0 °?ICal  work  the  E,ngIish  language  at  all  to  be  compared  to  this  procluc- 
t‘°“  for  nearness  and  completeness.  It  is  alike  good  as  a guide  for  the  student  and 

HS  a.^t' ei}c?  f?rihe  experienced  horologist  and  skiUed  workman."— Morclorical  Journal. 
continent  the.most  complete,  and  the  most  reliable  of  those  literary  probations  to  which 

IfnbrflTW5?6'  lndebted.  f0.r  ?be  mechanical  superiority  ovci  their  English  brethren 
—m  fact,  the  Book  of  Books,  is  M.  Saumer’s  ‘Treatise.1  "-Watchmaker.  Jeweller  and  Silversmith 


Watchmaki  ng. 

THE  W ATCHM AKER' S HANDBOOK . Translated  from  the 

French  of  Claudius  Saunier,  and  considerably  Enlarged  by  Julien  Tripf- 
lin,  F.R.A.S.,  Vice-President  of  the  Horological  Institute,  and  Edward  Rigg, 
M.A.,  Assayer  in  the  Royal  Mint.  With  Numerous  Woodcuts  and  Fourteen 
Copper  Plates.  Second  Edition,  Revised.  With  Appendix.  Cr.  8vo,  gs.  cloth. 
Each  part  is  truly  a treatise  in  itself.  The  arrangement  is  good  and  the  language  is  clear  and 
concise.  It  is  an  admirable  guide  for  the  young  watchmaker.”— Engineering. 

" It  is  impossible  to  speak  too  highly  of  its  excellence.  It  fulfils  every  requirement  in  a hand- 
book  intended  for  the  use  of  a workman  Should  be  found  in  every  worksho v..'— Watch  and 
Clockmaker . 


CHEMICAL  MANUFACTURES  & COMMERCE. 

Alkali  Trade , Manufacture  of  Sulphuric  Acid , etc. 

A MANUAL  OF  THE  ALKALI  TRADE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching  Powder. 
By  John  Lomas,  Alkali  Manufacturer,  Newcastle-upon-Tyne  ana  London. 
With  232  Illustrations  and  Working  Drawings,  and  containing  390  pages  of 
Text.  Second  Edition,  with  Additions.  Super-royal  8vo,  £1  10s.  cloth. 

“This  book  is  written  by  a manufacturer  for  manufacturers.  The  working  details  of  the  most 
approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  232  wood  en- 
gravings, all  of  which  may  be  used  for  the  purposes  of  construction.  Every  step  in  the  manufac- 
ture is  very  fully  described  in  this  manual,  and  each  improvement  explained.”— Athenceum. 

“ We  find  here  not  merely  a sound  and  luminous  explanation  of  the  chemical  principles  of  the 
trade,  but  a notice  ot  numerous  matters  which  have  a most  important  bearing  on  the  successful 
Conduct  of  alkali  works,  but  which  are  generally  overlooked  by  even  experienced  technological 
authors." — Chemical  Review. 

Tirewing. 

A HANDBOOK  FOR  YOUNG  BREWERS.  By  Herbert 

Edwards  Wright,  B.A.  Crown  8vo,  3s.  6 d.  cloth. 

“ This  little  volume,  containing  such  a large  amount  of  good  sense  in  so  small  a compass,  ought 
to  recommend  itself  to  every  brewery  pupil,  and  many  who  have  passed  that  _stage.  "—Brewers 
Guardian. 

“ The  book  is  very  clearly  written,  and  the  author  has  successfully  brought  his  scientific  know- 
ledge to  bear  upon  the  various  processes  and  details  of  brewing." — Brewer. 

Commercial  Chemical  Analysis . 

THE  COMMERCIAL  HANDBOOK  OF  CHEMICAL  ANA- 
LYSIS;  or,  Practical  Instructions  for  the  determination  of  the  Intrinsic  or 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades,  and  in  the 
Arts.  By  A.  Normandy,  Editor  of  Rose’s  “Treatise  on  Chemical  Analysis.” 
New  Edition,  to  a great  extent  Re-written  by  Henry  M.  Noad,  Ph.D., 
F.R.S.  With  numerous  Illustrations.  Crown  8vo,  12s.  6d.  cloth. 

"We  strongly  recommend  this  book  to  our  readers  as  a guide,  alike  indispensable  to  the  house- 
wife as  to  the  pharmaceutical  practitioner.” — Medical  Times. 

"Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results  are  given, 
and  the  work  is  well  edited  and  carefully  written.” — Nature. 

Explosives. 

A HANDBOOK  OF  MODERN  EXPLOSIVES.  Being  a 
Practical  Treatise  on  the  Manufacture  and  Application  of  Dynamite,  Gun- 
Cotton,  Nitro-Glycerine,  and  other  Explosive  Compounds.  By  M.  Eissler, 
Mining  Engineer  , Author  of  “The  Metallurgy  of  Gold,”  “ The  Metallurgy 
of  Silver,’’  &c.  With  about  100  Illustrations.  Crown  8vo.  [In  the  press- 
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Dye-Wares  and  Colours. 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES  : Their 

Properties,  Applications,  Valuation,  Impurities,  ami  Sophistications.  For  the 
use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.  By  J.  W.  Slater.  Second 
Edition,  Revised  aad  greatly  Enlarged.  Crown  8vo,  ys.  6 d.  cloth. 

“A  complete  encyclopaedia  of  the  materia  tinctoria.  The  information  given  respecting  each 
article  is  full  and  precise,  and  the  methods  of  determining  the  value  of  articles  such  as  these,  so 
liable  to  sophistication,  are  given  with  clearness,  and  are  practical  as  well  as  valuable.” — Chemist 
and  Druggist. 

“There  is  no  other  work  which  covers  precisely  the  same  ground.  To  students  preparing 
for  examinations  in  dyeing  and  printing  it  will  prove  exceedingly  useful."— Chemical  News. 

Pigments. 

THE  ARTIST'S  MANUAL  OF  PIGMENTS.  Showing 

their  Composition,  Conditions  of  Permanency,  Non-Permanency,  and  Adul- 
terations; Effects  in  Combination  with  Each  Other  and  with  Vehicles  ; and 
the  most  Reliable  Tests  ot  Purity.  Together  with  the  Science  and  Arts 
Department’s  Examination  Questions  on  Painting,  By  H.  C.  Standage. 
Second  Edition,  Revised.  Small  crown  8vo,  2s.  6 d.  cloth. 

"This  work  is  indeed  multum-in-parvo , and  we  can,  with  good  conscience,  recommend  it  to 
all  who  come  in  contact  with  pigments,  whether  as  makers,  dealers  or  users.” — Chemical  Review. 

"This  manual  cannot  fail  to  be  a very  valuable  aid  to  all  painters  who  wish  their  work  to 
endure  and  be  of  a sound  character  ; it  is  complete  and  comprehensive." — Spectator. 

“ The  author  supplies  a great  deal  of  very  valuable  information  and  memoranda  as  to  the 
chemical  qualities  and  artistic  effect  of  the  principal  pigments  used  by  painters.” — Builder. 

Gauging.  Tables  and  Hales  for  Revenue  Officers . 

JBpoiuo'S  ctc» 

A POCKET  BOOK  OF  MENSURATION  AND  GAUGING: 

Containing  Tables,  Rules  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants,  &c.  By  J.  B.  Mant  (Inland  Revenue).  Oblong  i8mo,  4s. 
leather,  with  elastic  band. 

" This  handy  and  useful  book  is  adapted  to  the  requirements  of  the  Inland  Revenue  Depart- 
ment, and  will  be  a favourite  book  of  reference.  The  range  of  subjects  is  comprehensive,  and  the 
arrangement  simple  and  clear.” — Civilian. 

“A  most  useful  book.  It  should  be  in  the  hands  of  every  practical  brewer  " — Brewers' 
Journal. 
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Agricultural  Facts  and  Figures. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  AND  FIGURES 
FOR  FARMERS  AND  FARM  STUDENTS.  By  Primrose  McConnell 
Fellow  of  the  Highland  and  Agricultural  Society  ; late  Professor  of  Agricul- 
ture, Glasgow  Veterinary  College.  Third  Edition.  Royal  321110,  full  roan, 
^ gilt  edges,  with  elastic  band,  4s. 

“ The  most  complete  and  comprehensive  Note-book  for  Farmers  and  Farm  Students  that  we 
have  seen.  It  literally  teems  with  information,  and  we  can  cordially  recommend  it  to  all  connected 
with  agrcuilture.  —North  British  Agriculturist. 

Youatt  and  Burn’s  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A Compendium  of  Husbandry;  especially  in 
the  departments  connected  with  the  Breeding,  Rearing,  Feeding,  and  General 
Management  of  Stock ; the  Management  of  the  Dairy,  &c.  With  Directions 
for  the  Culture  and  Management  of  Grass  Land,  of  Grain  and  Root  Crops 
the  Arrangement  of  Farm  Offices,  the  use  of  Implements  and  Machines  and 
on  Draining,  Irrigation,  Warping,  &c. ; and  the  Application  and  Relative 
Value  of  Manures.  By  William  Youatt,  Esq.,  V.S.  Twelfth  Edition  En- 
larged by  Robert  Scott  Burn,  Author  of  “ Outlines  of  Modern  Farming  " 
‘‘Systematic  Small  Farming,”  &c.  One  large  8vo  volume,  S60  pp.,  with  2 aa 
Illustrations,  £1  is.  half-bound.  ’ vv  ' 244 

" The  standard  and  text-book  with  the  farmer  and  grazier." — Farmer's  Magazine 

“A  treatise  which  will  remain  a standard  work  on  the  subject  as  long  as  British'agriculture 
endures.  — Mark  Lane  Express  (First  Notice).  K agriculture 

„,i„‘JJh?  *>ook  deals  with  all  departments  of  agriculture,  and  contains  an  immense  amount  of 
ic  .h^n|lnf0n,la  n'  „ 11 IS-  m fact,  an  encyclopedia  of  agriculture  put  into  readable  form  and 
i&e  ny  work  equally  comprehensive  brought  down  to  present  date.  It  is  excellently  printed  on 

3nd  deserves  a P‘ace  m the  library  of  every  agriculturist!' "-Mari 

British^ Jriwlmris7.0rk  ‘S  WCU  >vorthy  of  a pIace  in  the  libraries  of  agriculturists.”— .Mw/A 
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Flour  Manufacture,  Milling , etc. 

FLOUR  MANUFACTURE : A Treatise  on  Milling  Science 

and  Practice.  By  Friedrich  Kick,  Imperial  Regierungsrath,  Professor  of 
Mechanical  Technology  in  the  Imperial  German  Polytechnic  Institute, 
Prague.  Translated  from  the  Second  Enlarged  and  Revised  Edition  with 
By  H.  H.  P Powles,  A.M.I.C.E.  Nearly  400  pp.  Illustrated 
‘•with  26  Folding  Plates,  and  167  Woodcuts.  Royal  Svo,  25s.  cloth. 

The  IS!!  W°rJf  ‘S’  w!U  r,el"?in-  th,c  standard  authority  on  the  science  of  milling.  . . 
JessM  career®  £ t d«es.ted.this  work  will  have  laid  the  foundation,  so  to  speak,  of  a suc- 
aDDlv  hav0i  acquired  a number  of  general  principles  which  he  can  proceed  to 

sound  Fnil  V,  l ) -di  .™e  ^ol,u,“.ef  we  at  last  hav<r  accepted  text-book  of  modern  milling  in  good 
sound  Lnghsn,  which  has  little,  if  any,  trace  of  the  German  idiom."—  The  MiLer  K 

will  J,'aPPeara"“r0f  this  celebrated  work  in  English  is  very  opportune,  and  British  millers 
will,  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pages.”— Millers'  Gazette. 

Small  Farming. 

SYSTEMATIC  SMALL  FARMING,'  oy,  The  Lessons  of  vty 

Farm.  Being  an  Introduction  to  Modern  Farm  Practice  for  Small  Farmers 
By  Robert  Scott  Burn,  Author  of  “ Outlines  of  Modern  Farming.”  With 
numerous  Illustrations,  crown  8vo,  6s.  cloth. 

will  rlTd'lS  ni th?  comP,eteJt  book  of  its  class  we  have  seen,  and  one  which  every  amateur  fanner 
will  read  with  pleasure  and  accept  as  a guide. '—Field. 

..n,"!1’';,  Vf°!Um?,  contains  a vast  amount  of  useful  information.  No  branch  of  farming  is  left 
alTXn  tlltT  e-i^°U.r  t0  be  done  to  the  results  achieved.  It  may  be  safely  recommended  to 
all  who  think  they  will  be  111  paradise  when  they  buy  or  rent  a three-acre  farm."— Glasgow  Herald. 

Modern  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops— Farming  and  Farming  Economy— Cattle,  Sheep, 
and  Horses  — Management  of  Dairy,  Pigs  and  Poultry  — Utilisation  of 
I own-Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One  Vol.,  1,250  pp.,  half- 
bound, profusely  Illustrated,  12s. 

a*‘i1  of  tbe  author  lias  been  to  make  his  work  at  once  comprehensive  and  trustworthy 

AdvlrtilA-  aim-'£  hfS  succeeded  t°  a degree  which  entitles  him  to  much  credit."— Morning 
Advertiser.  No  farmer  should  be  without  this  book.”— Banbury  Guardian.  ‘ 

Agricultural  Engineering. 

FARM  ENGINEERING,  THE  COMPLETE  TEXT-BOOK  OF. 

Comprising  Draining  and  Embanking ; Irrigation  and  Water  Supply ; Farm 
Roads,  Fences,  and  Gates  ; Farm  Buildings,  their  Arrangement  and  Con- 
struction, with  Plans  and  Estimates;  Barn  Implements  and  Machines;  Field 
Implements  and  Machines;  Agricultural  Surveying,  Levelling,  &c.  By  Prof. 
John  Scott,  Professor  of  Agriculture  at  the  Royal  Agricultural  College, 
Cirencester,  &c.  In  One  Vol.,  1,150  pages,  half-bound,  600  Illustrations,  12s. 
Written  with  great  care,  as  well  as  with  knowledge  and  ability.  The  author  has  done  his 
work  well ; we  have  found  him  a very  trustworthy  guide  wherever  we  have  tested  his  statements. 
The  volume  will  be  of  great  value  to  agricultural  students,"— Mark  Lane  Express. 

y°,un£  agriculturist  we  know  of  no  handy  volume  so  likely  to  be  more  usefully  studied." 
— Bell  s Weekly  Messenger. 


Engl ish  A gricidture. 

THE  FIELDS  OF  GREAT  BRITAIN:  A Text-Book  of 
Agriculture,  adapted  to  the  Syllabus  of  the  Science  and  Art  Department. 
For  Elementary  and  Advanced  Students.  By  Hugh  Clements  (Board  of 
F rade).  Second  Edition,  Revised  and  Enlarged.  i8mo,  2 s.  6 d.  cloth. 

"A  most  comprehensive  volume,  giving  a mass  of  information."— Agricultural  Economist. 

‘It  is  a long  time  since  we  have  seen  a book  which  has  pleased  us  more,  or  which  contains 
such  a vast  and  useful  fund  of  knowledge.”— Educational  Times. 

New  Pocket  Hook  for  Farmers. 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS 

for  Farmers,  Graziers,  Agricultural  Students,  Surveyors,  Land  Agents,  Auc- 
tioneers, etc.  With  a New  System  of  Farm  Book-keeping.  Selected  and 
Arranged  by  Sidney  Francis.  Second  Edition,  Revised.  272  pp.,  waist- 
coat-pocket size,  is.  6 d.,  limp  leather.  [Just  published. 

“ Weighing  less  than  1 oz  , and  occupying  no  more  space  than  a match  box,  it  contains  a mass 
of  facts  and  calculations  which  has  never  before,  in  such  handy  form,  been  obtainable.  Every 
operation  on  the  farm  is  dealt  with.  The  work  may  be  taken  as  thoroughly  accurate,  having  been 
revised  by  Dr.  bream.  We  cordially  recommend  it ."—Bell's  Weekly  Messenger. 

“ A marvellous  little  book.  . . . The  agriculturist  who  possesses  himself  of  it  will  not  be 
disappointed  with  his  investment.”—  The  Farm . 
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Farm  and  Estate  Book-keeping. 

BOOK-KEEPING  FOR  FARMERS  & ESTATE  OWNERS. 

A Practical  Treatise,  presenting,  in  Three  Plans,  a System  adapted  to  all 
Classes  of  Farms.  By  Johnson  M.  Woodman,  Chartered  Accountant  Second 
Edition,  Revised.  Crown  8vo,  3s.  6d.  cloth  boards  ; or  2s.  6 d.  cloth  limp. 

“ The  volume  is  a capita!  study  of  a most  important  subject.  '— Agricultural  Gazette. 

"Will  be  found  of  great  assistance  by  those  who  intena  to  commence  a system  of  book-keep- 
»ng,  the  author's  examples  being  clear  and  explicit,  and  Ins  explanations,  while  lull  and  accurate, 
being  to  a large  extent  free  from  technicalities.  — Live  Stock  journal. 


Farm  Account  Book. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK.  Giving 

a Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and  Expen- 
diture under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c.  With 
Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  end  of  the 
Year,  and  an  Appendix  of  Forms.  Ruled  and  Headed  for  Entering  a Com- 
plete Record  of  the  Farming  Operations.  By  Johnson  M.  Woodman, 
Chartered  Accountant,  Author  of  “Book-keeping  for  Farmers.  Folio, 

7 s.  6d.  half  bound.  , \ailt‘‘re? 

"Contains  every  requisite  orm  for  keeping  farm  accounts  readily  and  accurately.  — Agrt- 


Early  Fruits,  Flowers  and  Vegetables. 

THE  FORCING  GARDEN ; or,  How  to  Grow  Early  Fruits, 
Flowers,  and  Vegetables.  With  Plans  and  Estimates  for  Building  Glass- 
houses, Pits  and  Frames.  Containing  also  Original  Plans  for  Double  Glazing, 
a New  Method  of  Growing  the  Gooseberry  under  Glass,  &c.  &c.,  and  on  Venti- 
lation, &c.  With  Illustrations.  By  Samuel  Wood.  Crown  8vo,  3.1.6 d.  cloth. 
«•  a good  book,  and  fairly  fills  a place  that  was  in  some  degree  vacant.  The  book  is  written  witli 
great  care,  and  contains  a great  deal  of  valuable  teaching.”— Gardeners'  Magazine. 

“Mr.  Wood's  book  is  an  original  and  exhaustive  answer  to  the  question  "How  to  Grow  Early 
Fruits,  Flowers  and  Vegetables  r” — Land  and  Water, 

Good  Gardening. 

A PLAIN  GUIDE  TO  GOOD  GARDENING  ; or,  Howto  Grow 

Vegetables,  Fruits,  and  Flowers.  With  Practical  Notes  on  Soils,  Manures, 
Seeds,  Planting,  Laying-out  of  Gardens  and  Grounds,  &c.  By  S.  Wood. 
Third  Edition,  with  considerable  Additions,  &c.,  and  numerous  Illustrations. 
Crown  8vo,  5s.  cloth. 

“ A very  good  book,  and  one  to  be  highly  recommended  as  a practical  guide.  The  practical 
directions  are  excellent.” — Athenceum. 

“ May  be  recommended  to  young  gardeners,  cottagers  and  amateurs,  for  the  plain  and  trust- 
worthy information  it  gives  on  common  matters  too  often  neglected.” — Gardeners'  Chronicle. 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One 

Acre  of  Land  produce  £620  a-year  by  the  Cultivation  of  Fruits  and  Vegetables ; 
also,  How  to  Grow  Flowers  in  Three  Glass  Houses,  so  as  to  realise  £176  per 
annum  clear  Profit.  By  Samuel  Wood,  Author  of  “ Good  Gardening,”  &c. 
Fourth  and  cheaper  Edition,  Revised,  with  Additions.  Crown  8vo,  is.  sewed. 
"We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentleman's 
gardener,  but  to  the  market  grower.” — Gardeners’  Magazine, 

Gardening  for  Ladies. 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN, 

and  Amateurs’  Complete  Guide.  By  S.  Wood.  Crown  8vo,  3s.  6 d.  cloth. 

" This  volume  contains  a good  deal  of  sound,  common  sense  instruction.” — Florist. 

"Full  of  shrewd  hints  and  useful  instructions,  based  on  a lifetime  of  experience.” — Scotsman, 

Receipts  for  Gardeners. 

GARDEN  RECEIPTS.  Edited  by  Charles  W.  Quin.  i2mo, 

is.  6 d.  cloth  limp. 

"A  useful  and  handy  book,  containing  a good  deal  of  valuable  information." — Athenaum. 

Market  Gardening. 

MARKET  AND  KITCHEN  GARDENING.  By  Contributors 

to  “The  Garden.”  Compiled  by  C.  W.  Shaw,  late  Editor  of  “Gardening 
Illustrated.”  i2mo,  3s.  6 d.  cloth  boards.  [Just  published. 

“ The  most  valuable  compendium  of  kitchen  and  market-garden  work  published." — l-armcr. 

Cottage  Gardening. 

COTTAGE  GARDENING ; or,  Flowers,  Fruits,  and  Vegetables  for 

Small  Gardens.  By  E.  Hobday.  i2mo,  is.  6 d.  cloth  limp. 

“Contains  much  useful  information  at  a small  charge."— Glasgow  Herald. 
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Hudson’s  Land  Valuer’s  Pocket-Book. 

THE  LAND  VALUER’S  BEST  ASSISTANT:  Being  Tables 

'Cr?uiVeiry  mu9h  f.mPr°ved  Plan,  for  Calculating  the  Value  of  Estates.  With 
Tvrtoo  lor„redu^!ng  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute 
cllsticrbai?dC'4sBy  R'  Hudson’  CiEi  New  Edition.  Royal  32010,  leather, 

and  foTshow1n0eiml°^ir,Clude.S  tal?,cs  °r ascertaining:  the  value  of  leases  for  any  term  of  years; 
viable rules for «Arf^,s.U,tP.l0tS0ffr?i,nd  of?ertain  acres  in  forms,  square,  round,  See.,  with 
incalculable  v-»!nn  as^?rtai!uns»  l*ie  probable  worth  of  standing  timber  to  any  amount ; and  is  of 
1 1 calculable  va.ue  to  the  country  gentleman  and  professional  man  ."—Fanners'  Journal. 

L wart’s  Land  Improver’s  JPocket-Book . 

LAND  IMPROVER’S  POCKET-BOOK  OF  FORMULAE, 

MEM0PA  EDA  required  in  any  Computation  relating  to  the 
Permanent  Improvement  of  Landed  Property.  By  John  Ewart,  Land  Surveyor 

filtif  gri-w  T Engineer.  Second  Edition,  Revised.  Royal  32010,  oblong, 
leather,  gilt  edges,  with  elastic  band,  4s.  * ’ 6‘ 

"A  compendious  and  handy  little  volume.” — Spectator. 

Complete  Agricultural  Surveyor’s  Pocket-Book, 

THE  LAND  VALUER’S  AND  LAND  IMPROVER’S  COM- 

po^ket:P°OK.  Consisting  of  the  above  Two  Works  bound  to- 
gether. Leather,  gilt  edges,  with  strap,  js.  C d. 

crons  ^ndS?ts'Scobm Inn®  nehtJeawy’re<tkone^  on  matters  relating  to  the  valuation  of  land  and 
latter’mentioned^ b ‘nation  wth  Mr. Ewart s work  greatly  enhances  the  value  and  usefulness  of  the 
latter  mentioned.  ...  It  is  most  useful  as  a manual  for  reference."— North  0/ England  Farmer. 

Auctioneer’s  Assistant, 

THE  APPRAISER , A UCTIONEER,  BROKER,  HOUSE  AND 
ESTA  TE  AGENT  AND  VALUER'S  POCKET  ASSISTANT,  for  the  Valua- 
tion  tor  1 urchase,  Sale,  or  Renewal  of  Leases,  Annuities  and  Reversions,  and 
of  property  generally ; with  Prices  for  Inventories,  &c.  By  John  Wheeler, 
Valuer,  &c.  tilth  Edition,  re-written  and  greatly  extended  by  C.  Norris, 
^Surveyor,  Valuer,  &c.  Royal  321110,  5s.  cloth. 

b00k  of  reference,  containing  an  admirable  and  clearly-arranged  list  of 
prices  for  inventories,  and  a very  practical  guide  to  determine  the  value  of  furniture, Sic.”— Standard. 

Contains  a large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase, 

; °L:iV'?A  °‘  .,ases>  annuities  and  reversions,  and  of  property  generally,  with  prices  for 
inventories,  and  a guide  to  determine  the  value  of  interior  fittings  and  other  effects.” — Builder . 

Auctioneering . 

AUCTIONEERS : Their  Duties  and  Liabilities,  By  Robert 

Squibbs,  Auctioneer.  Demy  8vo,  10s.  6 d.  cloth. 

“The  position  and  duties  of  auctioneers  treated  compendiously  and  dearly  ."-—Builder* 

Every  auct’oneer  ought  to  possess  a copy  of  this  excellent  work.” — Irotitnonger. 

“ Of  great  value  to  the  profession.  . . . We  readily  welcome  this  book  from  the  fact  that  it 
treats  the  subject  in  a manner  somewhat  new  to  the  profession.” — Estates  Gazette. 


Legal  Guide  for  Pawnbrokers, 

THE  PAWNBROKERS’,  FACTORS'  AND  MERCHANTS' 
GUIDE  TO  THE  LAW  OF  LOANS  AND  PLEDGES.  With  the 
Statutes  and  a Digest  of  Cases  on  Rights  and  Liabilities,  Civil  and  Criminal, 
as  to  Loans  and  Pledges  of  Goods,  Debentures,  Mercantile  and  other  Se- 
CrriVes'  C;  Folkard,  Esq.,  Barrister-at-Law,  Author  of  “ The  Law 

of  Slander  and  Libel,"  &c.  With  Additions  and  Corrections.  Fcap.  8vo, 
3s.  6 d.  cloth. 

“ This  work  contains  simply  everything  that  requires  to  be  known  concerning  the  department 
of  the  law  of  which  it  treats.  We  can  safely  commend  the  book  as  unique  and  very  nearly  perfect." 
—Iron. 

" The  task  undertaken  by  Mr.  Folkard  has  been  very  satisfactorily  performed.  . . . Such  ex- 
planations as  are  ncedtul  have  been  supplied  with  great  clearness  and  with  due  regard  to  brevity.” 
City  Press, 
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Mow  to  Invest. 

HINTS  FOR  INVESTORS  : Being  an  Explanation  of  the  Mode 
of  Transacting  Business  on  the  Stock  Exchange.  To  which  are  added  Com- 
ments on  the  Fluctuations  and  Table  of  Quarterly  Average  prices  of  Consols 
since  1759.  Also  a Copy  of  the  London  Daily  Stock  and  Share  List.  By 
Walter  M.  Playford,  Sworn  Broker.  Crown  8vo,  as.  cloth. 

" An  invaluable  guide  to  investors  and  speculators."— Bullionist. 

Metropolitan  Hating  Appeals. 

REPORTS  OF  APPEALS  HEARD  BEFORE  THE  COURT 
OF  GENERAL  ASSESSMENT  SESSIONS , from  the  Year  1871  to  1885. 
By  Edward  Ryde  and  Arthur  Lyon  Ryde.  Fourth  Edition,  brought  down 
to  the  Present  Date,  with  an  Introduction  to  the  Valuation  (Metropolis)  Act, 
1869,  and  an  Appendix  by  Walter  C.  Ryde,  of  the  Inner  Temple,  Barrister- 
at-Law.  8vo,  16s.  cloth. 

“ A useful  work,  occupying  a place  mid-way  between  a handbook  for  a lawyer  and  a guide  to 
the  surveyor.  It  is  compiled  by  a gentleman  eminent  in  his  profession  as  a land  agent,  whose  spe- 
cialty, it  is  acknowledged,  lies  in  the  direction  of  assessing  property  for  rating  purposes.”— Land 
si  gents'  Record. 


Mouse  Property. 

HANDBOOK  OF  HOUSE  PROPERTY.  A Popular  and  Practical 

Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory  Sale  of  Houses  and 
Land,  including  the  Law  of  Dilapidations  and  Fixtures;  with  Examples  of 
all  kinds  of  Valuations,  Useful  Information  on  Buildings,  and  Suggestive 
Elucidations  of  Fine  Art.  By  E.  L.  Tarbuck,  Architect  and  Surveyor, 
Fourth  Edition,  Enlarged.  i2mo,  5s.  cloth. 

The  advice  is  thoroughly  practical." — Law  ‘journal. 

“ For  all  who  have  dealings  with  house  property,  this  is  an  indispensable  guide." — Decoration. 
•'Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a division  on  fine  art. 
. A well-written  and  thoughtful  work.” — Land  Agents'  Record 

Inivoocl’s  Estate  Tables. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES,  Freehold, 

Copyhold,  or  Leasehold;  Annuities,  Advowsons,  etc.,  and  for  the  Renewing  of 
Leases  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  bodies, 
for  Terms  of  Years  certain,  and  for  Lives;  also  for  Valuing  Reversionary 
Estates,  Deferred  Annuities,  Next  Presentations,  &c. ; together  with  Smart’s 
Five  Tables  of  Compound  Interest,  and  an  Extension  oi  the  same  to  Lower 
and  Intermediate  Rates.  By  W.  Inwood.  23rd  Edition,  with  considerable 
Additions,  and  new  and  valuable  Tables  of  Logarithms  for  the  more  Difficult 
Computations  of  the  Interest  of  Money,  Discount,  Annuities,  &c. , by  M.  Fedor 
Thoman,  of  the  Societe  Credit  Mobilier  of  Paris.  Crown  3vo,  8s.  cloth. 
“Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  compensation 
cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c„  will  find  the  present  edition  of 
eminent  service.” — Engineering. 

“ 'Inwood's  Tables’  still  maintain  a most  enviable  reputation.  The  new  issue  has  been  enriched 
by  large  additional  contributions  by  M.  Fedor  Thoman,  whose  carefully  arranged  Tables  cannot 
fail  to  be  of  the  utmost  utility." — Muting  Journal. 


Agricultural  and  Tenant-Right  Valuation. 

THE  AGRICULTURAL  AND  TENANT-RIGHT-VALUER'S 

ASSISTANT.  A Practical  Handbook  on  Measuring  and  Estimating  the 
Contents,  Weights  and  Values  of  Agricultural  Produce  and  Timber,  the 
Values  of  Estates  and  Agricultural  Labour,  Forms  of  Tenant-Right- Valua- 
tions, Scales  of  Compensation  under  the  Agricultural  Holdings  Act,  "1883 
&c.  &c.  By  Tom  Bright,  Agricultural  Surveyor.  Crown  8vo,  3s.  6 d.  cloth  ’ 
“ Full  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates  labour 
contents,  and  weights  of  timber,  and  farm  produce  of  all  kinds.” — Agricultural  Gazette 

" An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  interest  and 
value  to  surveyors  and  auctioneers  in  preparing  valuations  ot  all  kinds. ” Farmer. 

Plantations  and  Underwoods. 


POLE  PLANTATIONS  AND  UNDERWOODS : A Practical 

Handbook  on  Estimating  the  Cost  of  Forming,  Renovating,  Improving  and 
Grubbing  Plantations  and  Underwoods,  their  Valuation  for  Purposes  of 
Transfer,  Rental,  Sale  or  Assessment.  By  Tom  Bright,  F.S.Sc  , Author  ot 
“The  Agricultural  and  Tenant-Right-Valuer’s  Assistant, ’’  &c.  Crown  Svo 
3s.  6d.  cloth.  r '•fust  published 

“Very  useful  to  those  actually  engaged  in  managing  wood  .''-BelLs  Weekly  Messenger.  ' 
! w nalu?rS'i  f°rf ters  a.nd  it  w.ll  be  a welcome  aid." — North  British  Agriculturist. 

a Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  undoubted  interest 
and  use  both  to  surveyors  and  auctioneers,  in  preparing  valuations  of  all  kinds.” — Kent  Herald. 
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A Complete  Epitome  of  the  haws  of  this  Country . 

EVERY  MAN’S  OWN  LAWYER:  A Handy -Book  of  the 
Principles  of  Law  and  Equity.  By  A Barrister.  Twenty-sixth  Edition. 
Reconstructed,  Thoroughly  Revised,  and  much  Enlarged.  Including  the 
Legislation  of  the  Two  Sessions  of  1888,  and  including  careful  digests  of  The 
Local  Government  Act,  1888;  County  Electors  Act,  1888;  County  Courts  Act, 
1888;  Glebe  Lands  Act,  1888;  Law  of  Libel  Amendment  Act,  1888;  Patents, 
Designs  and  Trade  Maiks  Act,  1888;  Solicitors  Act,  1888;  Preferential  Pay- 
ments in  Bankruptcy  Act,  1888;  Land  Charges  Registration  and  Searches  Act, 
1888 ; Trustee  Act,  1888,  &c.  Crown  8vo,  688  pp.,  price  6s.  8 d.  (saved  at  every 
consultation ! ),  strongly  bound  in  cloth.  [fust  published. 

*v*  THE  BOOK  WILL  BE  FOUND  TO  COMPRISE  (AMONGST 
OTHER  MATTER)— 

The  Rights  and  Wrongs  of  Individuals— Mercantile  and  Commercial  law 
—Partnerships,  Contracts  and  agreements  — Guarantees,  Principals  and 
Agents— Criminal  law  — Parish  Law— County  Court  Law— Game  and  Fishery 
Laws— Poor  Men's  Lawsuits— Laws  of  Bankruptcy— wagers— Cheques,  Bills 
and  notes— Copyright— Elections  and  Registration— Insurance— Libel  and 
slander— Marriage  and  Divorce— Merchant  Shipping  — Mortgages  — Settle- 
ments— Stock  exchange  Practice— Trade  marks  and  Patents— Trespass— Nui- 
sances—Transfer  of  Land- wills,  &c.  &c.  Also  law  for  Landlord  and  Tenant 
—Master  and  Servant— Heirs— Devisees  and  legatees— Husband  and  Wife- 
Executors  and  Trustees— Guardian  and  Ward— married  women  and  infants 
—lender,  borrower  and  Sureties— debtor  and  creditor— purchaser  and 
Vendor— Companies— Friendly  Societies— Clergymen— Churchwardens— Medi- 
cal Practitioners— Bankers— Farmers— Contractors— Stock  Brokers-  Sports- 
men—Gamekeepers— Farriers— horse  dealers— auctioneers— House  Agents- 
Innkeepers— bakers— millers— Pawnbrokers— Surveyors— Railways  and  Car- 
riers-Constables— Seamen— Soldiers,  &c.  &c. 

SUr"  The  following  subjects  may  be  mentioned  as  amongst  those  which  have  re- 
ceived special  attention  during  the  revision  in  question: — Marriage  of  British  Subjects 
Abroad;  Police  Constables;  Pawnbrokers;  Intoxicating  Liquors;  Licensing; 
Domestic  Servants;  Landlord  and  Tenant;  Vendors  and  Purchasers;  Muni- 
cipal Elections  ; Local  Elections ; Corrupt  Practices  at  Elections  ; Public  Health 
and  Nuisances  ; Highways ; Churchwardens  ; Legal  and  Iilegal  Ritual ; Vestry 
Meetings  ; Rates. 

It  is  believed  that  the  extensions  and  amplifications  of  the  present  edition, 
while  intended  to  meet  the  requirements  of  the  ordinary  Englishman,  will  also 
have  the  effect  of  rendering  the  book  useful  to  the  legal  practitioner  in  the 
country. 

One  result  of  the  reconstruction  and  revision,  with  the  extensive  additions 
thereby  necessitated,  has  been  the  enlargement  of  the  book  by  nearly  a hundred  and 
fifty  pages,  wbile  the  price  remains  as  before. 

The  Publishers  feel  every  confidence,  therefore,  that  this  standard  work 
will  continue  to  be  regarded,  as  hitherto,  as  an  absolute  necessity  for  every 
Man  of  Business  as  well  as  every  Head  of  a Family. 


* X 
* 


Opinions  of  the  Press. 


••It  is  a complete  code  of  English  Law,  written  in  plain  language,  which  all  can  understand. 
. . . Should  be  in  the  hands  of  every  business  man,  and  all  who  wish  to  abolish  lawyers’  bills.  — 
ll  'eekly  T tines. 

“ a useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care.  —Law  Magazine. 
“ a concise,  cheap  and  complete  epitome  of  the  English  law.  So  plainly  written  that  he  who 
runs  may  read,  and  he  who  reads  may  understand.’'—  Figaro. 

“ A dictionary  of  legal  facts  well  put  together.  The  book  is  a very  useful  one. "— Sfe ctator. 

“ A work  which  has  long  been  wanted,  which  is  thoroughly  well  done,  and  which  we  most 
cordially  recommend." — Sunday  Times. 

Evirate  Bill  Legislation  and  Provisional  Orders. 


HANDBOOK  FOR  THE  USE  OF  SOLICITORS  AND  EN- 
GINEERS Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provi- 
sional Orders,  for  the  Authorization  of  Railways,  Tramways,  Works  for  the 
Supply  of  Gas  and  Water,  and  other  undertakings  of  a like  character.  By 
L.  Livingston  Macassey,  of  the  Middle  Temple,  Barrister- at-Law,  and 
Member  of  the  Institution  of  Civil  Engineers;  Author  of  “ Hints  on  Water 
Supply.’’  Demy  8vo,  950  pp.,  price  25s.  cloth. 

“ The  volume  is  a desideratum  on  a subject  which  can  be  only  acquired  by  practical  experi- 
ence and  the  order  of  procedure  in  Private  Bill  Legislation  and  Provisional  Orders  is  followed. 
The  author's  suggestions  and  notes  will  be  found  of  great  value  to  engineers  and  others  profession- 
ally engaged  in  this  class  of  practice."— Building  News. 

" The  author's  double  experience  as  an  engineer  and  barrister  has  eminently  qualified  him  for 
the  task,  and  enabled  him  to  approach  the  subject  alike  from  an  engineering  and  legal  point  of 
view.  The  volume  will  be  tound  a great  help  both  to  engineers  and  lawyers  engaged  in  promoting 
Piivatc  Acts  cf  Parliament  and  Provisional  Orders.” — Local  Government  Chronicle. 
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tjillurgy,  Casting,  Forging  Tool,,  WorWhop  M^hin^  the 
Steam  Engme,  &o.  By  F.  Caupin,  C.E.  2s.  a<l. ; cloth  bis.,  3s  ?:%* 
THE  SLIDE  RULE,  AND  HOW  TO  USE  IT-  S3** 
By  C.  Hoake,  C.E.  2s.  6d. ; cloth  boards,  3s.  jjr  =y 

THE  BOILERMAKERS’  ASSISTANT,  in  Drawing,  ffiS 

I emplatmg-,  and  Calculating  Boiler  and  Tank  Work.  Bv 
John  Courtney.  Revised  by  D.  K.  Clark,  C.E.  2s.  ^ 

TwL  T/J OILERM AKER'S  READY-RECKONER, 

” lth  Examples  of  Practical  Geometry  ana  Templating.  Bv  ^ 
John  Courtney.  Edited  by  D.  K.  Clark,  M. Inst. C.E.  Second  ^ 
Edition,  revised.  4s.,  cloth  limp  ; 5s.,  strongly  half-bound. 

STEAM  BOILERS:  their  Construction  and  Manage- 
ment. By  R.  Armstrong,  C.E.  Illustrated.  Is.  6d. 


~ J -L  STEAM-ENGINE.  By  Dr.  Laedneb.  Is.  Gd. 


6t 

a 

I 

iff 


'SHE  STEAM-ENGINE,  the  Mathematical  Theory  of  ^V( 
with  Rules  at  length,  and  Examples  for  the  use  of  Practical  JXL* 
ivlen.  Ly  1.  Baker,  C.E.  Illustrated.  Is.  6d.  /3T 


Tden.  B}t  T.  Baker,  C.E.  Illustrated.  Is.  6d. 

STEAM  AND  THE  STEAM-ENGINE,  being  an 


Extension  of  Sir.  John  Sewell’s  “Treatise  on  Steam.’’ 


Kinnear  Clark,  M.l.C.E.  Thfrd  EditiolTls”  e£7doth  bdf  4s 
nnr\  rrmiriD  tvtoo  „ ^ a 


t%  LOCOMOTIVE  ENGINES.  By  G.  D.  Dempsey,  C.E  •' 

& r ®s* ».cL  bds., 3s.  6d. 
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LOCOMOTIVE  ENGINE-DRIVING.  A Practical 

Manual  for  Engineers  in  charge  of  Locomotive  Engines.  Bv 
Michael  Reynolds,  M.S.E.  Eighth  Edition.  3sl6d.  limn  • 

4s.  6d.  cloth  boards.  * ’ 

STATIONARY  ENGINE -DRIVING.  A Practical  W$- 

Manual  for  Engineers  in  charge  of  Stationary  Engines.  Bv 
Michael  Reynolds,  M.S.E.  Third  Edition.  3s.  Gd.  limn  - * 

4s.  6d.  cloth  boards.  ^ ’ •** 


A ^TfcE^  Combustion  and  Economy.  By  C.W.  Williams, 


Th  PLUMBING : a Text-book  to  the  Practice  of  the  Art 
S or  Craft  of  the  Plumber.  With  Chapters  upon  House  Drainage  f 

and  Ventilation.  By  W.  P.  Buchan.  3s.  6d. ; cloth  boards,  4s.  sS ' 
MECHANICS ; being  a concise  Exposition  of  the  General 
• C Principles  of  Mechanical  Science,  and  their  Applications.  By 
•c*  C.  Tomlinson.  Illustrated.  Is.  6d. 
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IRON  AND  HEAT,  exhibiting  the  Principles  concerned, 
in  tlie  Construction  of  Iron  Beams,  Pillars,  and  Girders.  By  J. 
Armour,  C.E.  Numerous  Illustrations.  2s.  Gd. ; cloth  boards,  3s. 

POWER,  IN  MOTION : Horse-power  Motion,  Toothed- 
Wh eel  Gearing,  Long  and  Short  Di’iving  Bands,  Angular  Forces. 
By  J.  Armour,  C.E.  With  73  Diagrams.  2s. ; cloth  boards,  2s.  Gd. 

THE  APPLICATION  OF  IRON  TO  THE  CON- 
STRUCTION OF  BRIDGES,  GIRDERS,  ROOFS,  AND 
OTHER  WORKS.  By  Francis  Campin, C.E.  2s.  Gd.;  cl.bds.,  3s. 

THE  WORKMANS  MANUAL  OF  ENGINEERING 

DRAWING.  By  John  Maxton,  Instructor  in  Engineering- 
Drawing,  Royal  Naval  College,  Greenwich.  3s.  Gd.;  cl.  bus.,  4s. 

THE  METALLURGY  OF  IRON.  Containing  Methods 
of  Assay,  Processes  of  Manufacture  of  Iron  and  Steel,  &c.  By 
H.  Bauerman,  F.G.S.,  &c.  Sixth  Edition,  revised  and  enlarged. 
Numerous  Illustrations.  5s. ; cloth  boards,  5s.  Gd. 

COAL  AND  COAL  MINING.  By  Warington  W. 

Smyth,  H.A„  F.R.S.,  &c.,  Chief  Inspector  of  the  Mines  of  the 
Crown  and  of  the  Duchy  of  Cornwall.  Sixth  Edition,  revised 
and  enlarged.  3s.  Gd. ; cloth  boards,  4s. 

THE  POWER  OF  WATER , as  applied  to  drive  Flour 
Mills,  and  to  give  motion  to  Turbines  and  other  Hydrostatic 
Engines.  By  J.  Glynn,  F.R.S.,  &c.  2s.  ; cloth  boards,  2s.  6d. 

THE  SMITHY  AND  FORGE , including  the  Farrier’s 
Art  and  Coach  Smithing.  By  W.  J.  E,  Cranb.  Second  Edition, 
revised.  Illustrated.  2s.  Gd. ; cloth  boards,  3s. 

THE  SILEET-METAL  WORKER'S  GUIDE:  for 

Tinsmiths,  Coppersmiths,  Zincworkers,  &c.  By  W.  J.  E.  Crane. 
With  94  Diagrams  and  Working  Patterns.  Is.  6d. 

IRON  BRIDGES  OF  MODERATE  SPAN:  Their 

Construction  and  Erection.  By  Hamilton  W.  Psndrhel  late 
Inspector  of  Ironwork  to  the  Salford  Corporation.  2s. 
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STEAM  AND  MACHINERY  MANAGEMENT:  a 

Guide  to  the  Arrangement  and  Economical  Management  of 
Machinery,  with  Hints  on  Construction  and  Selection.  By  M. 
Fowis  Bale,  M.Inst.M.E.,  &c.  2s.  Gd. ; cloth  boards,  3s. 

PRACTICAL  MECHANISM,  the  Elements  of,  and 
Machine  Tools.  By  T.  Baker,  C.E. ; with  Additions  by  J. 
Nasmyth,  C.E.  2s.  Gd. ; cloth  boards,  3s. 

THE  BRASS  FOUNDER'S  MANUAL:  Instructions 

for  Modelling,  Pattern-Making,  Mounting,  Alloying,  Turning, 
Burnishing,  Bronzing,  &c.  By  W.  Graham.  2s. ; cl.  bds.,  2s.  Gd. 

MODERN  WORKSHOP  PRACTICE  as  applied  to 

Marine,  Land,  and  Locomotive  Engines,  Floating  Docks,  Dredg- 
ing Machines,  Bridges,  Shipbuilding,  Cranes,  &c.  By  J.  G-. 
Winto.v.  3s.  Gd. ; cloth  hoards,  4s. 
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